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To Our Readers 7 


OME little time ago, in connexion with one of our other fortnightlies, 
a schoolmaster in Australia wrote to me that he was so delighted 
the various part publications issued by this house that he felt he could 
only express his opinion by saying “ If it’s Harmsworth’s, it’s good.” 


S the editor who has been responsible for so many of these works Í 

was greatly pleased to have this very high testimony to their useful- 
ness, and I am glad to say that my readers in all parts of the world are good 
enough to leave me in no doubt as to the high value they place upon 
HARMSWORTH` S part publications, by writing letters of appreciation, sugges- 
tion ‘or helpful criticism. 


QUR WIRELESS ENCYCLOPEDIA, the very first work of its kind to be 

published—immeasurably more- comprehensive than any of the 
multitudinous books on the same subject that have appeared in this country 
or in the United States-—has differed from most of our part publications 
in being limited to one, and that a highly specialized, subject. Yet I think 
we have succeeded in presenting every feature of Wireless as it is known 
to-day with the most illuminating detail and in a manner so attractive 
that even stark technicalities have become interesting. 


Wy tT the completion of the WrreLess ENCYCLOPEDIA and the con- 

cluding of the very famous HousEHOLD ENCYCLOPEDIA, my readers 
will rightly suppose that we are likely to be coming before them at an early 
date with new enterprises. Within a very few weeks they will see announce- 
ments of another HARMSworTH fortnightly, and although it will have no 
remote association with Wireless, it will probably attract many of those 
who have been subscribing to the popular work, in the concluding part of 
which these notes appear. 


THIS new publication, the title of which is to be HARMsWoRTH S HoME 
Doctor, will be found of engrossing interest to all who are in search 
of physical fitness. Within recent years there has been a very definite and 
growing movement in favour of raising the physical standard of the nation, 
{ký and nothing that Hš been attempted in a literary way so far can be said to 
ave offered anything comparable with the practical help provided in 
Harmswortn’s Home DOCTOR. 


i. is an entirely new work, every line of it written by eminent and ex- 

perienced general practitioners and specialists in. medicine and surgery 
and physical culture. Utterly free from all pruriency, splendidly illustrated 
with thousands of new and specially taken photographs, there is really no 
one who can fail to benefit by a study of its pages, so that | anticipate for it 
a very wide circulation. All Wireless enthusiasts who know what we have | 
done for them in the WIRELESS ENCYCLOPEDIA—the thoroughness, the 
“accuracy, the suggestiveness of it—can be assured that in the larger sphere 
of personal health and fitness, into which so many thousands of considera- 
tions enter, we shall provide in Harmswortu’s Home Doctor a work 
equally detailed and vastly wider in its scope. 

J. A. H. 


Look out for Part I on October 14th. 
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UNIVERSAL UNIT SET 


the wood of the baseboard to avoid risk 
of their short-circuiting. 

The intermediate connexions between 
the units, when needed, are best mace with 
No. 16 gauge insulated copper wire. A 
small stock of these connecting wires can 
be cut to lengths of 6 or 7 in., and kept 
on hand with ready prepared bared ends 
to save time. A convenient number of 
units, enabling practically any two-valve 
circuit, with or without crystal detector, 
to be put up, should comprise two tuning 
units, two valve units, one low-frequency 
transformer unit, one crystal detector 
unit, one telephone connexion unit, one 
grid leak and concenser unit, and one or 
two fixed condenser units, although a 
greater or less number can be built at the 
start, according to circumstances. 

Some possible combinations are illus- 
trated in Figs. 17 to 24. Fig. 17 shows 
three units set up to form a complete 


TWO-VALVE SET WITH UNIT COMPONENTS 


Fig. 23. In page 2170 is shown the complete two-valve universal 
set with crystal detection, for which this is the circuit 


crystal detector, while Fig. ro shows the 
theoretical circuit diagram. It will be 
noted in this case that as no batterics are 
needed, one of the bus bars 
can be used for the aerial |/ 
connexion and the other for o] 
the earth connexion, the only | 
bridging wire that is needed iha 
being that between one side . 
of the crystal detector and the T 
telephone unit, the telephones i 
themselves being attached to 
terminals thereon. In use a coil 
of appropriate value should be 
plugged into the coil holder. 
For ordinary broadcast recep- 
tion on an average aerial, 
this may conveniently be a 
No. 2} Burndept or a 35 or 
D 


Fig. 24. 
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REACTION WITH UNIVERSAL UNITS 


Fig. 22. This circuit diagram illustrates the con- 
nexions for the single-valve set with reaction, 
shown in Fig. 21 


50 honeycomb. The crystal is adjusted 
to a-sensitive spot, and the signals tuned 
in by the rotation of the 
condenser knob in the usual 
way. : 

A set up for a single-valve 
set is shown in Fig. 18, and 
the corresponding theoretical 
circuit diagram is given in 


Fig. 20. In this case the 
length of the baseboard 
permits the accumulator 


and high-tension battery to 
stand at either end, and 
the acrial and earth con- 
nexions are made direct to 
the coil holder, the bus bars 
being used for the high- and 
low-tension battery current 
distribution purposcs, as al- 
ready explained. The units employed are 
one tuning unit, grid leak and condenser 
unit, end the valve and telephone units. 


NORMAL TWO-VALVE CIRCUIT 


When the experimenter wishes to construct an 
ordinary two-valve set he will find that it is quickly set up 


with the univevsal unit set 
1038 
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VALVE HOLDER 


The only bridging wires in this case are 
those from the aerial side of the plug-in 
coil holder to one side of the grid leak 
and to the grid terminal of the valve unit. 
Another bridging connexion is made 
between the anode terminal of the valve 
unit and one side of the telephone unit. 

If it be desired to make a single-valve 
set with reaction, the same units are 
employed, with the addition of a second 
tuning unit, which in this case is used for 
reaction purposes. This arrangement is 
shown in Vig. 21, and the corresponding 
theoretical circuit diagram in Fig. 22. 

It will be noted in this case that the units 
are turned around so that the two coils 
are facing each other, the variation of 
coupling being cffected by sliding the 
acrial tuning unit nearer to or farther 
from the reaction unit, thus providing 
the requisite adjustment in an efficient 
manner. 

Another system consists of a stage of 
tuned-anode high-frequency amplification 
with reaction on to the aerial. Rectifica- 
tion is by a crystal detector, which is 
followed by a stage of low-frequency ampli- 
fication. The circuit arrangements are 
shown in the theoretical circuit diagram 
in Fig. 23. 

Many other circuits can be put up 
without altering the units, their number 
being practically only limited by the 
time and patience of the constructor. 


W mnanaa 

VACUUM. Space that has been emptied 
of all ponderable matter. In wireless 
the term is most generally used in con- 
nexion with valves and vacuum tubes. 
There is no such thing as a completely 
exhausted vacuum vessel, though a very 
high state of rarefaction may be produced 
by several means. 

It is important in wireless, as well as in 
the study of the phenomena of vacuum 
tubes, that the vacuum should be main- 
tained constant, or should be controllable 
in some way. Valves which contain any 
amount of gas give very different results 
from those which are almost entirely free 
from gas. A valve which contains a 
fairly large amount of gas is said to be soft, 
and one in which the vacuum is high is 
said to be hard. Nearly all the early 
valves, including the famous Round 
valve, were soft vacuum valves. See 
Round Valve; Valve. 


SS w — 
VACUUM TUBE. Glass tube made in 
Various shapes and filled with air or gases 
at pressures below that of the atmosphere. 
The pressure in any particular tube, as 
the cathode ray tube, may be consider- 
ably below that of the atmosphere, t.e. the 
vacuum may be high. There are many 
types of vacuum tubes. All have two or 
more clectrodes fused through the glass of 
the tube so that electric charges may be 
passed through the tube. The effect of a 
high potential in a rarefied gas is to cause 
the interior of the tube to glow, the char- 
acter and colour of the glow varying, 
naturally, with the nature of the contents. 
The investigation into the character of 
the glow led ultimately to the discovery of 
X-rays and other rays, and the study of 
the rays now known to be given off when 
the tube is electrically excited has led 
to many further discoveries which have a 
most important bearing not only on an 
understanding of the nature of electricity, 
but also on the ultimate constitution of 
matter. See Cathode Ray Tube ; Crookes’s 


Tube; Electron; Geissler Tube; Ultra- 
violet Rays; Valve. 
VALLAURI, GIANCARLO. Italian 


wireless authority. Born in Rome, 1882, 
he was educated at the Polytechnic School 
in Naples, making a special study of 
electricity. He was appointed lecturer 
in succession to the Polytechnic schools 
of Padua, Karlsruhe and Naples, and 
adviscr to many commercial electrical 


rms. He inaugurated in 1912 at Naples 
one of the earliest courses in wireless 
telegraphy. In 1916 he was placed in 


charge of the Institute of Electricity and 
Wireless Telegraphy of the Italian Navy, 
and shortly afterwards was appointed 
professor of electrotechnics at the Univer- 
sity of Pisa, and in charge of the super- 
visory work for the great wireless station 
of Coltano-centre. He is the author of a 
frequency doubler which employs a special 
three-leg transformer with two primary 
windings and two secondary windings on 
each of the two outer limbs and a common 
magnetizing winding on the central limb. 
Vallauri has made a special study of ferro- 
magnetic phenomena, and has published 
a series of papers on ionic valves and 
other subjects connected with wireless. 
VALVE HOLDER. Term used to 
describe a small component for the recep- 
tion of a thermionic valve used in wireless 
work. The bulk of the valves employed 
by the amateur are of the standard four-pin, 
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VALVE LEG 


three-electrode pattern, and the holders 
are generally composed of ebonite, either 
moulded or machined from the solid. In 
some cases ebonite substitutes or other 
compositions are employed. It is usually 
considered that the ecu ebonite 
holders are to be preferred on the score of 
good insulation. 


to reduce capacity losses as much as 
possible, and consists of an ebonite plate 
with four sockets mounted upon it, each 
socket having a single metal contact to 
which ¢onnexions are made by means of 
round-headed screws and washers. Valve 
holders for Myers valves, and some of the 
Marconi and other makes which are 


TYPES OF VALVE HOLDERS IN COMMON USE 
Three varieties of ordinary thermionic valve holders are shown here. Left to right they are: 
the ordinary solid type, panel-mounting type, and the flanged variety, also for panel mounting 
Courtesy Feto-Scott Co., Ltd. 


Three useful types are illustrated. 
That on the left is the ordinarv solid 
pattern, in which a circular piece of 
ebonite supports four valve sockets pro- 
vided with nuts wherewith to fix the holder 
to the panel, and also to receive the ends of 
the connecting wires. On the right is a 
standard flange-type holder, the plate or 
anode terminal of which is clearly marked 
with the letter A. Connexions are 
made by soldering to the underside of the 
sockets, the wires passing through grooves 
‘ormed in the flange. 

The middle pattern has been designed 


atranged to be mounted parallel with the 
surface of the panel, usually employ four 
ae angular strips of metal, suitably 

shaped in accordance with the shape of the 
pms or terminals on the valve itself, 
See under the titles of the particular valves 
in this Encyclopedia, and also under 
Portable Receiving Set ; Valves. 

VALVE LEG. Name given to a small 
but very useful component chiefly em- 
ployed by the amateur in the construction 
of various pieces of apparatus in which 
the pins are employed in conjunction 
with sockets to make a form of readily 


VALVE LEGS FOR USE IN WIRELESS CONSTRUCTION 
Above are illustrated various common types of valve legs and their corresponding sockets 
The amateur will find these extremely useful ın construction for quick contacts 


VALVE LEG aos 


detachable connexion. Valve pins and 
sockets as usually supplied are illustratéd. 
Four pins are shown in the centre. Those 
which are simply screwed are usually em- 
ployed in valve caps and other small places. 
When provided with a collar and a washer 
they can be attached to ebonite plates 
and other devices for the construction of 
various plug-in contacts. 

VALVE OSCILLATOR. Name given toa 
reaction or regenerative circuit so arranged 
and tuned that the coupling between the 
anode and the grid circuits is sufficient to 
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VALVE RECEIVING SET 


maintain a continuous interaction. See 


. Armstrong Circuits ; Oscillator ; Reaction ; 


Regeneration. 

VALVE PANEL, Term used to de- 
scribe a panel on which are erected the 
various components for the reception of 
valves in a wircless set. In large trans- 
mission stations the expression ‘ valve 
panel ” is often applied to composite struc- 
tures used for a somewhat similar purpose. 

VALVE PINS. Name sometimes applied 
to the peg or terminal attached to the cap 
of a valve. Sve Valve Leg. 


THEIR USES AND CONSTRUCTION 


How the Amateur may Construct Two Efficient Valve Sets 
Many valve receiving sets have been described in this Encyclopedia, and they cover 


a wide enough range to suit any requirements of an amateur. 


The reader should 


consult all those headings dealing with particular sets, as Armstrong Receivers ; 
Flewelling Receivers, etc., and also such cognate entries as Amplifiers; High- 


frequency Amplifier; Regenerative Sets, etc. 


For further information see such 


general headings as Tuning; Valves, etc. 


Here is described the making of a simple 
two-valve and crystal set and also a set 
containing Myers valves, which have the 
advantage of being far less fragile than the 
ordinary valve. 

The amateur-constructed set illustrated 
in Fig. r was designed with a view to 
economy in cost of construction and 
simplicity. It is a straightforward circuit 
of one high-frequency valve, a crystal 
detector, and one low-frequency valve, 
with reaction on the aerial tuning induct- 
ance. It is effective in operation and 
brings in, near 2 LO on a poor aerial, the 
local broadcasting quite loudly enough for 
good strength in the loud speaker (12 
miles), whilst Birmingham, Bournemouth, 
Radiola, the Ecole des Postes et des 
Télégraphes and the Eiffel Tower come in 
excellently on the headphoncs. 

Fig. r shows the general arrangement. 
It will be noticed that all terminals and 
fittings requiring insulation are mounted 
on pteces of ebonite, whilst the panel itself, 
measuring 13 in. by 9} in., is of three-ply 
wood, large holes being cut so that all 
terminals, etc., may be clear. The three- 
ply should not be less than 1 in. thick, and 
if faced with hardwood will polish up well. 
A strip of ebonite 10} in. by 1 in. is cut 
for the terminals, spaced 13 in. apart. 

The valve sockets are mounted on similar 
ebonite 14 in. square. The telephone ter- 
minals are on a strip 4 in. by rin., whilst 
the two valve sockets to accommodate the 
tuning coil are mounted on a piece similar 
to that for the valve holders. The arm for 


the reaction coil is 4 in. long by rin. wide. 
All these pieces may be seen in Fig. 2. 
The crystal detector is purchased ready 
made mounted on ebonite. The two 
terminals may be removed and a pair of 
contact studs substituted in order that they 
may project well through the panel. 
Similar ebonite parts may be purchased 
ready assembled, and save the time of 
cutting and drilling. 

The cbonite portions being prepared 
or purchased, the panel may be drilled 
with large holes for all metal parts to 
clear, which, with the exception of the 
valve sockets, will be 4 in. in diameter. It 
will be convenient at this stage to pre- 
pare the containing box, which is 6 in. 
deep and 13 in. by 94 in., inside measure- 
ments, The box illustrated is cleaned up 
at the corners and edges and covered with 
imitation leather paper. A small fillet is 
lastened } in. from the top edge, and the 
panel may be placed in position. 

Two variable condensers are necessary, 
one jor the aerial tuning of ‘ooo5 mfd. 
capacity and one for the anode of ‘0003 mfd. 
capacity, though two of ‘ooo5 mfd. value 
will give somewhat sharper anode tuning. 
The filament resistances may be of stand- 
ard make, although those illustrated 
simply consist cf two disks of wood x4 in. 
in diameter and 3 in. thick, around which 
is wrapped a piece of fibre r in. wide. 
Upon this is wound three yards of No. 24 
gauge Eureka resistance wire, the con- 
tacts and stops being fashioned in the usual 
way, as described under the heading 
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Filament Resistance (q.v.). 
The low-frequency trans- 
former needs no comment 
and should be fitted to the 
panel as indicated. 

Care should be taken in 
setting out the various com- 
ponents to see that a reason- 
able margin is left all round, 
as itis of considerable assist- 
ance in wiring to be able to 
turn the panel completely 


oL T+ 
oLT.— 


CIRCUIT DIAGRAM 
Fig. 2. Here is given the theoretical circuit of 
the two-valve and crystal set shown in Fig. I 


upside down, the box then forming a pro- 
tection for components fastened to the 
front while wiring. 


Fig. 3. Front view of the high-frequency, 

$ Icrystal and low-frequency set, showing the 

, componentsin position and the various terminals 
! Íor the connexions 


the back. 


| tig. 5. Transformer side ot the panel seen from 


wiring clear 


This view will help to make the 


COMPLETE TWO-VALVE AND CRYSTAL SEI 


Fig. r. In this set is employed a stage of high 
frequency and one of low, with a crystal as 
rectifier and detector. This set works a loud 
speaker at 12 miles ‘rom a broadcasting station 


The wiring, shown in Figs. 4, 5 and 6, is 
carried out with stiff tinned copper wire, 
which should be cut and bent to shape 
before soldering. 

The set should operate without difficulty. 
Having joined up the batteries, connected 
the telephones and plugged in the coils, 
which may be of standard pattern honey- 
comb, basket or the like, the anode coil 


Fig. 4. Back of the panci, showing the wir-ng. 
Leads from the movable reaction coil arc fastened 
by two contact studs mounted on ebonite, | 

tə which the stiff leads are soldered 


——— 


š & 


Fig. 6. Conxzlenser side ot the panel, showing 
the connexions in the wiring of the telephones 
and loud speaker 


HOW THE VARIOUS STEPS IN THE CONSTRUCTION OF THE TWO-VALVE SET ARE CARRIED OUT 
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MYERS VALVE 


Fig. 7. This type of valve is usel in the con- 

struction of the set shown in the following 

illustrations. It is of unusual construction and 
practically untreakable 


. should be swung out at right angles to the 
acrial coil. The two condenser knobs 
should now be slowly revolved. 

When a signal is heard, find the best 
positions for condensers and filament 
resistances. Now turn out the Ingh- 
frequency valve and readjust the crystal 
to the loudest signals. The high-frequency 
valve may now be relit and adjusted to 
the best results. If it is desired to use 
reaction, the anode coil may be carefully 
brought closer to the aerial coil, readjust- 
ing both condensers as may be necessary. 
With careful adjustments a very great 
increase of signal strength may thus be 
obtained, care “being t taken to loosen the 
coupling as soon as any” hissing or 
whistling is heard. 

The Myers valves, Fig. 7, are made in 
two patterns for dry battery or accumu- 
lator operation, and are known 
as dull or bright emitters, 
according to the voltage. 
They are neat, compact, 
efficient in use and admirable 
for a portable set such as 
that shown in Fig. 13 on the 
photogravure plate. 

The circuit of this portable 


set is giversin Fig. 8; itisa "29 


Plate 


[fein 


CABINET FOR THE MYERS VALVE SET 
Fig. 9. Here the case for the set is illustrated. 
For the constructor’s assistance all the main 

dimensions are given 


modified Flewelling, and has a stage of 
low-frequency amplification. The case 
shown dimensioned in Fig. 9g, is } in. 
thick with three-ply wood sides, is hinged 


‘on both sides and is provided with a 


handle for carrying. The two smaller 
central compartments, Figs. 13 and 14 on 
the plate, are occupied respectively by 


two Myers valves, a variable grid leak | 


and condenser and the filament resistance 
and low-frequency transformer. The 
space between is occupied by the aerial 
coil, spade tuning plate and reaction coil 
Sc parately adjustable, and as illustrated 
in Fig. rr on the plate. 


Details of the holders are given in 
Fig. 15; the angle brackets are screwed to 
the face of the case at the notched part 
seen in Fig. 18. The mode of mounting 
the valves and grid leak on an angular 
cbonite plate is clear from Fig. ro on the 
plate. It should be noted that the valves 
are set with the red caps uppermost. 

A similar angular piece is made and 
carries the filament resistance; the low- 
frequency transformer is screwed to the 
case side beneath the resistance coil. 
The various condensers are placed on the 
sides of the partitions and the whole 
is wired with flexible silk-covered wire. 


MODIFIED FLEWELLING CIRCUIT 
Fig. 3. Theoretical circuit showing the con- 


‘nexions to be made in the building of the Myers 


valve set 


The Myers valves are supplied with a 
set of parts for the construction of the 
holders, which consist essentially of angu- 
lar plates of springy metal. These have to 
be bolted to the ebonite panel, and to fit 
properly the fixing screw holes should be 
drilled to accord with the paper template. 

One way to do this is shown in Fig. 19. 
The paper is placed on the top of the panel 
and secured with a trace of some adhesive, 
and the holes marked by punching with 
a centre punch. In the present set the 
valves areset side byside, and consequently 
all the holes should be similarly marked 
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and drilled. The angle pieces are then 
screwed and nutted in place and the 
screw heads well countersunk below the 
surface, the holes being filled with insu- 
lating wax as shown in Fig. 20 This 


is best melted in a small saucepan and 


INTERIOR CONSTRUCTIONAL DETAILS 


Fig. 18. The ebonite angle-piece in the left-hand 
compartment carries the grid leak and Myers 
valves as seen in Fig. ro 


the surplus scraped off with 
the end or side of a blunt 
chisel. 

This panel forms an inner 
lining to the valve chamber 
in the case, the top being 
enclosed by another smaller 
panel, to the centre of which 
is fixed the variable grid leak 
in the usual way. This panel 
is then secured to the valve 
panel by small brass screws 
passed into the edge of the 
valve panel, as shown in 
Fig. 16 on the plate. The 
whole is then secured in 
place in the case by means 
of two small turnplates of 
brass (Fig. 18) 

The other panel is made 

in a similar manner and placed in 
. position in the other partition in the 
case, but as the space is lirnited, select 
a filament resistance that is thin and 
small in diameter, so that it will at 
easily beneath the panel, as shown in 
Fig. 23. Tuning is effected in this set 
by the use of basket coils, which can be 
wound as described in the article on 
Basket Coils (g.v.), and the value should 
be that most appropriate to the local 
station’s wave-lengths, so that when in use 
the spade will not have to be very closely 
coupled to tune the set. 

The reaction coil is a similar basket coil, 


Fig. 19. 


HOW THE DRILLING TEMPLATE IS USED 
Here is shown the method employed with the Myers 
valve-drilling template when marking out the panel 


and both are rnounted between two 
strips of thin ebonite screwed to the edge 
of ebonite disks about an inch in diameter, 
as is shown in Figs. rr and 15 on the plate. 

The disks should be knurled on the 
outside and mounted on a short length of 
screwed rod, each disk being separated by 
a spring washer. The rod is supported on 
small angle plates, as shown in Fig. 15 
on the plate, and secured to them, when 
the holder is fixed to the case, by means 
of lock nuts. : 

The spade is a simple disk of aluminium, 
and secured, like the coils, by a central 
screw passed through the two blades on 
the holders. 

Owing to the restricted space it Is 
advisable to carry out the bulk of the 
wiring with single insulated flexible wire. 
This is readily done by drawgng out the 
panels until the terminals are accessible 
and connecting the wires with nuts or 
bv soldering. The high-tension battery 


J 


vated hanced EEEE 


"REMOVING SURPLUS WAX 


Fig. 20, After filling up the screw holes in the 
panel the surface wax is scraped off the underside 
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THE SET COMPLETELY WIRED 


Fig. 21. In the building of this set the making of 
connexions is greatly simplified bv using flexible 
wires 
connexions terminate in wander plugs, 
which should be of different colours. They 
are seen to the left of Fig. 21, where they 
are shown in the high-tension battery com- 
partment. The two connecting wires for 
the low-tension battery terminate in the 
opposite compartment and may have 

spade terminals. 

The aerial may be a simple frame with 
collapsible members, which can be packed 
into the lid of the case. 

The frame is composed of four tele- 


FILAMENT RESISTANCE 
Fig. 23. It is important that this component 
should fit centrally on account of the very 

limited space available for it 


COMPLETE SET CLOSED 
Fig. 22. When it is packed up the Myers valve 
set has a very neat and compact appearance. 
The weight is not heavy 


scopic rods about Io in. long, with a brass 
ferrule at one end, as shown in Fig. 12 
on the plate. Two ebonite strips, about 
I in. wide and o in. long, are hinged to a 
small piece of hardwood, which has a 
hole through the centre for the passage 
of the central rod. 


The ends of the ebonite strips have little 
strips of leather which hold the aerial wire 
in place. The lower of the strips, as 
shown in Fig. 17 on the special plate, has 
terminals for the two connexions from 
the frame aerial to the carth and aerial 
terminals on the set respectively. The 
aerial wire is preferably Litzendraht. 
Five or six turns are taken around the 
frame while it is laid flat on the workbench, 
and the cbonite strips supported in 
position by nails or blocks. 

When the wires are wound and connected 
four struts of thin wood are cut to span 
the angle between the ebonite strips and 
the central rod, and are fitted into notches 
cut for the purpose of holding them in 
place, as in Fig. 17, where the aerial is 
held in an upright position by placing it 
in an inverted flower pot. 

The frame aerial, batteries and tele- 
phones all pack into the case, as shown in 
Fig. 22. The frame is set up by pressing 
the end of the rod into the ground and 
connecting the set as shown in Fig. ro on 
the plate, although better results are 
sometimes found by suspending the frame 
from a branch of a tree by means ol a thin 
string, and using temporary longer con- 
nexions to the set. Tuning follows the 
system detailed under the heading Super- 
regenerative Set. Sze Portable Receiving 
Set. 
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VALVES EMPLOYED IN WIRELESS RECEPTION 
By E. V. Appleton, M.A., D.Sc. 
The choice of suitable valves to employ in a receiving set requires careful considera- 
tion, as certain circuits call for particular types, and the experimenter should study 


this detailed account of the different varieties that are available. Other references to 
the subject will be found in the constructional hints on different types of receivers 


and under names of specific valves. 


In choosing a three-electrode valve for 
use as an amplifier or detector in a wireless 
receiver we are assisted by being able to 
predict its performance to some extent 
by an inspection of its static characteris- 
tics. These characteristics are curves 
illustrating the relations between the 
currents between the various electrodes 
and the potentials applied to the elec- 
trodes. 

Before considering the various functions 
of a valve in a receiver it is therefore of 
interest for us to consider briefly the way 
in which the modern valve is designed. 

The modern three-electrode valve con- 
sists essentially of a highly evacuated 
vessel containing a thermionic cathode 
(usually in the form of a filament which 
can be heated by passing a current through 
it), an anode and a current-controlling 
electrode, which generally takes the form 
of a wire mesh or grid, placed between 
the cathode and anode. It is essential 
for stability and constancy that the valve 
should be highly evacuated, and that the 
metal electrodes and the glass walls should 
he free from gas. 

Modern valve technique in manufac- 
ture has been developed to such a stage 
that the ordinary hard recciving valve 
contains gas at a pressure as low as 
1/r00,000 mm. of mercury. In this way 
remarkable constancy of electrical action 
is attained. 

In the design of the three clectrodes ol 
a valve, three factors are of importance 
and require specification. In the first 
place we wish to specify the total amount 
of electron current emitted by the fila- 
ment when a certain power is dissipated 
init. This will depend on the size of the 
filament and also on the nature of the 
material of which the filament is made. 
Secondly, we wish to specify the amplit- 
cation factor (K) of the tube so that 
we may predict its performance as an 
amplifier. The amplification factor de- 
pends only on the geometrical shape of 
the electrodes. Thirdly, we wish to specify 


the internal resistance (R) of the tube, 


which depends on both the electron emis- 
sion and the geometry of the electrodes. 


See also Valves for Transmission 


These three quantities may, of course, be 
determined by an inspection of the static 
characteristics mentioned above. We can 
best realize thcir significance by a brief 
survey of the physics of the action of a 
three-clectrode valve. 

Fig. r shows a valve diagrammatically. 
Here F is the filament, heated to incan- 
descence bv current from the battery B,, 
G represents the grid or perforated’ elec- 
trede, while A is the anode and has a 
continuous surface. The anode is normally 
maintained at a positive potential with 
respect to the filament by the high-ten- 
sion battery B, while the potential of 
the grid can be made positive or negative 
with respect to the filament by means 
of the battery B... I 

Since the positivelv charged anode at- 
tracts the negative electrons emitted by 
the filament, some of the latter in normal 
cases pass through the holes in the grid, 
arriving at the anode, so that an anode 
current (za) is registered. But the journey 
of these electrons is made difficult by the 
repulsion that they exert on one another. 
For example, an electron just leaving the 
filament is repelled by the electrons which 
have got some distance on their journey 
towards the anode. The result is that all 
the electrons emitted by the filament are 
not collected by the anode unless the 
latter is very strongly positively charged, 
in which case a large anode battery (B,) 
would be required. 

We may, however, use an anode battery 
of medium voltage, which alone will cause 
only a fraction (e.g. a quarter to a half) of 


THERMIONIC VALVE THEORY 
Fig. 1. This diagram illustrates the working 
of a valve. F is the filament, G the grid and 
A the anode 
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se 
1! 
a 
HOW THE MARCONI-OSRAM R VALVE IS ASSEMBLED 
Fig. 2. On the left are shown tle supports of the electrodes with the filament attached. It 
will be scen that the outer supports are for grid anl anode.’ The grid is seen in position in the 
next illustration, while the anode is shown attached toits support in the third. On the right 
the construction is at the stage prior to fitting inside the bulb 
š the clectrons to reach the anode, and use the extra pull necessary to get them 
the grid to enable us to control the amount started on their journey to the anode. 
of electron current the anode reccives. These electrons very soon acquire a very 
For definiteness let us suppose that the high velocity (of the order of 10,000,000 
action of the anode is such that an in- centimetres per second) and, although 
crease of 20 volts in anode potential is they are all attracted by the positive 
required to increase the current to the charge on the grid, practically only the 
anode by one milliampere. ones that hit the grid wires directly are 
Further, let us suppose that we now caught by the grid, the remainder having 
make the grid slightly positively electrified sufficient momentum to enable them to get 
with respect to the filament by means of through the holes, after which they are 
battery B,. Since the grid is nearer the caught by the anode. 
filament than the anode, only a com- The grid is therefore efficient in at- 
paratively small grid potential is neces- tracting the electrons but inefficient in 
sary to give it a large positive charge, catching them. Thus if we increase the 
and so give the electrons near the filament grid potential we find the current to the 
i 
H 
> 
1 f 
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DULL EMITTER VALVES IN CONSTRUCTION : THE D.E.3 


Fig. 3. 


An interesting feature of this valve is that the rod supporting the upper end ot the 
vertical filament has a globular piece of glass attached. 


Into this glass two wires are fused 


to support the tops of the grid and anode, and the threefold purpose of.this rod is seen on the 
, right. “The central illustrations show the fixing of grid and anode 
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anode is increased, and in a typical valve 
we may find that this increase of anode 
current may be of the order of one milli- 
ampere for 2 volts increase of grid poten- 
tial. Comparing this with the figure men- 
tioned above for the change of anode 
current with change of anode potential, 
we sce that the grid has ro times the con- 
trol action of the anode current possessed 
by the anode itself. 

The figure 10 here represents the am- 
plification factor of the tube, which ce- 
pends on the dimensions of the grid and 
anode. For cxample, the closer the grid 
wires are together, or the bigger the dis- 
tance Ectween the grid and anode, the 
greater the amplification factor. Mathe- 
matical formulae have been derived which 
enable us to calculate the amplification 
factor (IX) from a knowledge cf the dimcn- 
sions of the electrodes, so that in most 
cases this quantity is known before the 
valve is exhausted. 

The internal resistance (R,) of the valve 
is the effective resistance between the 
filament and the anode for small changes 
of anode current. Thus in the example 
we have considered above the internal 
resistance is 20,000 ohms, since 20 volts 
anode potential charge produce a current 
change of one milliampere. Its value 
can be determined mathematically if the 
electron emission and the electrode 
dimensions are known. 

The total electron current is deter- 
mined by the size and value of the fila- 
ment and the temperature to which it is 
raised by the heating current. In the 
older type of R valve filaments of ‘‘ pure ” 
tungsten (they actually contain a small 
percentage of thoria to increase the tensile 
strength) are used. The high tempera- 
ture (2,300° to 2,500° absolute) required 
to give the necessary emission requires 
a comparatively large consumption of 
power in the filament (e.g. of the order of 
3 watts), so that recently makers have 
developed filaments which are made of 
thoriated tungsten, and which give the 
same order of electron emission at much 
lower temperatures. Thoriated tungsten 
containing one to two per cent of thoria 
is used for most of these filaments. 

_ It is only necessary to raise the tem- 
perature to 1,200° to 1,600° absolute to 
obtain the required emission, and this can 
be brought about by the expenditure of 
only ‘18 watt in the filament. Fila- 
ments of platinum or platinum alloy 


, 
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coated with oxides (generally of the rare 
earths) are also made. These give a good 
emission of electrons at a very low tem- 
perature (1,000 to 1,200" absolute). 

The grids and anodes of receiving valves 
are usually made of nickel, though molyb- 
denum is sometimes used. The arrange- 
ment of these electrodes round the filament 
is usually one of three types, as follows :— 

(a) Cylindrical type. Here the anode is 
a cylinder with the filament along its 
axis, While the grid is a helix of wire ora 
mesh tube between the filament and anode. 
This design is the most suitable one for 
quantity production. 

Examples: Marconi-Osram R (Fig. 2), 
D.E.2, D.E.3 types (Fig. 3). 

(6) Vlat-plate type. Here the grid 
and anode consist of pairs of plane rect- 
angular electrodes of grid and plate form 
respectively, placed on opposite sides of 
the filament. 

Examples: B.T.H. B.4 valve, Western 
Electric Co. 102 D.W. 


Fig. 4 (above). Two preliminary stages in the 

construction of the Cossor valve are the cutting 

off of the foet tube to length and the bellying 

out of its end. Tig. 5 (below). Afterwards 

{the tube is pinched to hold the electrodes. 

Then, as the right illustration shows, they 
are bent to position 


HOW COSSOR RECEIVING VALVES ARE MADE 
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anode is seen completed 


(c) Helmet-shaped type. The filament 
is a loop covered by a hood-shaped grid 
and an anode of similar shape. 

Examples: Cossor P.r (Figs. 4-7) and 
P.2 valves. 

When the electrode dimensions of a 
valve have been decided on and the 
electrodes fixed in the glass bulb, the valve 
is then exhausted. The object aimed at is 
to obtain as high a vacuum as possible, 
and that in the process the filament should 
suffer as little as possible so that it may 
have a long life afterwards. The gases to 
be removed come from the electrodes and 
the glass bulb. 


The glass is heated by placing the whole 
valve in an clectric oven while pumping 
is carried out, but the clectrodes have 
to be heated by clectron bombardment. 
To this end the filament current is run at 
about its normal value, while a potential 
of 1,000 to 1.500 volts is applied between 
it and the anode, the grid being connected 
to the filament. In this way it is possible 
to bring the anode to a temperature not 
far from its melting point. While these 
operations are being carried out, the 
exhausting proceeds simultaneously until 
finally, by the aid of a mercury ejector 
pump, the pressure is reduced to about 
ro to 5 mm. of mercury. The valves are 
then scaled off and are ready for ageing 
and testing. The Marconi-Osram method 
of doing this will be described here. 

‘It is found that, however complete the 
regular bombardment and exhaust may 
be, there is always a subsequent clean-up 
of gas while the valve is run under 
normal conditions. Before testing, there- 
tore, all valves are aged by running 
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ERECTING FILAMENT, GRID AND ANODE OF COSSOR VALVES 
Fig. 6. To the left of the illustration the hooped filament is 
seen: inthe centre the grid is attached, and to the right the- 


them for a limited time, vary- 
ing from one to three hours, 
with normal filament current 
and grid and anode potential. 
The testing itself is very com- 
plete for every valve. The 
following tests are normally 
carried out. 

(x) The insulation between 
the electrodes is tested. The 
resistance should be 
“infinite.” 

(2) The filament current 
and voltage to give correct 
electron emission are meas- 
ured to see that they are 
according to specification. 

(3) The degree of vacuum 
is tested by measuring the 
amount of “ backlash.” In this test 
the anode is maintained at a positive 
potential high enough to produce ioniza- 
tion by collision if gas molecules are 
present. The presence of positive ions 
is indicated by the presence of a grid 
current when the grid is maintained at 
a negative potential with respect to the 
filament. If this positive grid current 
is greater than a certain amount the valve 
is rejected. This test for “softness ” 
is one which the amateur can carry out 
easily himself. 

(4) The slope of the anode current-grià 
voltage characteristic (K,) is found. 


ADJUSTMENTS IN THE COSSOR VALVE 
Fig. 7. On the left the jig is shown placed on the 
anode support to adjust the correct height ot 
the filament; to the right another jig is similarly 
used for the grid 
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MARCONI-OSRAM POWER VALVE 
Fig. 8. This is a powerful amplifying valve. 
taking an anode potential of r2o0 to 150 volts 


(5) The slope of the anode current- 
anode voltage characteristic (Ką) is found. 

From these quantities we can derive 
the amplification factor (KX) and the inter- 
nal resistance (R,) of the valve, since 


ees 

Ixy 

and R = i 
K, 


It ought to be mentioned that in manv 
modern receiving valves the exhausting is 
not carried out solely by means of pump- 
ing. The clean-up of the gas can be 
assisted by chemical means. The chemi- 
cals used (e.g. phosphorus or magnesium) 
are known as “getters,” and recently 
a procedure has been developed whereby 
valves are exhausted using a moditicd 
bombarding schedule in conjunction with 
chemical agencies. Valves made in this 
way can be recognized by their colour 
or sheen. For example, if phosphorus is 
used, the glass is amber or straw-coloured, 
(e g. B.T.H. B.4 valve), while if magnesium 
is used the glass exhibits a silvery, mirror- 
like appearance (e.g. Marconi-Osram D.E.2 
or D.E.3, Figs. 8-13). 


Before 1920 almost all the valves sold 
in England for receivers were of the R 
type and had filaments of tungsten. But 
in 1920 the Gencral Electric Co. produced 
commercially the first low-temperature 
filaments, using thoriated tungsten. (We 
except here the oxide-coated filaments of 
low-temperature type made by the Western 
Electric Co. of America, and which are now 
also made by the Mullard Valve Co.). 
The General Electric Co. dull emitter valve 
reproduced the characteristics of the well- 
known R valve, but its filament required 
only +36 ampere at 18 volts (ie. -65 
watt) instead of the 2:8 watts required by 
the ordinary R type. 

A few months later a further step was 
made, and a valve requiring a filament 
current of only -o6 ampere at 3 volts 
(ie. IS watt) was designed, but it was 
not at first put on to the market owing to 
dithculties of mass production. Ultimately, 
however, the difficulties were overcome, 
and these valves were sold to the public. 
For these low-temperature valves a very 


ae 


MARCONI-OSRAM R.5V VALVE 


Fig. 9. This type is one of proved efficiency 
that has a reputation for good results 
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high vacuum is essential for the main- 
tenance of low-temperature emission. 
Now, the action of magnesium as a 
“getter” is even more efficient than 
phosphorus, so the former is used in the 


i 


MARCONI-OSRAM D.E.R. VALVE 


lig. 10, This type, an oscillating, rectifying and 
amplifying valve, is suitable for replacing the 
bright emitter R valve 


Fig. 12. 
oblong support attached to the rear pillar. 


On the left are the supporting pillars of the electrodes. 


manufacture of nearly all dull emitter 
valves. The magnesium is introduced in 
the form of a wire or ribbon heated at a 
definite stage in. the bombarding process, 
and is finally deposited on the bulb walls. 

Nowadays the tendency is all towards 
low-temperature emitters for reception 
purposes, and it is safe to say that the old 
R type, which certainlv has played its 
part in wireless history, is obsolescent. 

We now proceed to give an écount of 
receiving valves made in England by 
standard makers. This is most con- 
venicntly done in the form of a table. 

From the table (page 2tg1) it will Fe seen 
that there is a wide range of values from 
which we can choose for use in a valve re- 
ceiver. Before giving further details as to 
the suitability of various types of valves for 
various functicns in a valve receiver, it is 
necessary for us to consider in somewhat 
greater detail what these functions are and 
how far we can assist the valve to perform 
its functions by the use of suitable elements 
in our circuit design. 

For simplicity we shall consider that 
each valve performs mainly only one 
function (though it is possible for a 
valve to do more than one). The 


LOW-CAPACITY THREE-ELECTRODE TYPE 
Fig. rr. In this valve the electrodes are painted 
n different colours to distinguish them. This 


valve is also a useful low-power high-frequency 


generator in local oscillators 


INTERNAL CONSTRUCTION OF THE MARCONI-OSRAM D.E.R. VALVE 


Next are the grid and its 


The third illustration shows the anode fixed 


to the front support, while the last shows the complete interior structure 
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RECEIVING VALVES: THEIR CHARACTERISTICS AND USES 


This table, prepared by Dr. Appleton as a result of experimental determinations carried 

out in his laboratory, covers 16 of the valves in general use, and is of considerable 

value to the experimenter in determining the choice of a valve to meet general or 
special requirements 


Filament . i | Ampli- 1 
Maker Type g Woe Electron Año fication Anoe Remarks 
> Volts | Amips. Emission! Volts Fac Resistance 
“actor 
Marconi- R. 4 ie) 6 m.a. | 60-80 9 49,000 w. Í General purpose 
Osram Co. RZ. 5 -5 Sma. |4000 9 40,000 w. I valves. Require ac- 
cumulator 4-6 volts. 
sz Z a | —— 
(General purpose 
D.E. 1'8 '36 | sma |30-45 9 49,000 w. | valves of dull-emitter 
D.E,2 18 "24 5 m.a 30-45 9 40,000 w. type. Require only 
40000 * | nercel accumulator. 
D.E.3 30 06 Oma. | 25-45 6 22,000 w. Suitable for detector, 
amplifier, and for 
loud speaker. Re~ 
quires 4 volt accu- 
mulator with resist- 
| ance, or can be run 
i from dry cells. 
L.3.3 4 O5 6 m.a. IOO 5 12,000 w. A valve for medium- 
: size loud speakers. 
L.S.5 5 3 50m.a. 150 5 6,500 w Suitable for use with 
large loud speakers, 
and for telephone- 
repeater work. 
B.T.H. Co. R 4 03 — 45-60 — == Tungsten filament. 
Requires two-cell ac- 
cumulator. 
B.4 6 "25 |40m.a. | 40-100 6 7,000 w. | Suitable for detector 
with 40 anode volts. 
For amplifier or loud- 
speaker work use 6o— 
100 anode volts with 
negative grid bias of 
3-5 volts. Dull emit- 
ter filament. 
B.5 3 0 = -40-86 6 15,000- Dullemitter filament. 
18,000 w. Can be run from dry 
cells. 
Exceeds ' 
Cossor Pl 4 "72 to | 36 m.a. 30 6'6 18,000- Used as detector or 
Valve Co. °'75 20,000 w. L.F. amplifier. 
| Exceeds i ; 
P.2 4 *72 to} 3°6m.a. | 60-80 12 50,000- Specially designed for 
'75 60,000 w. high-frequency am- 
plification. 
Edison- R. 4 “75 — 50-100 8 | 25,000 w. [General purpose 
Swan Co. R. ; “65 a 0-80 eae 22,000 w. || valves. Require two- 
‘ 4 2 3 3? ° (el accumulators. | 
A.R.D.E| r8 "30 — 20—50 IO 25,000 w. Requires only one- 
cell accumulator. 
i Dull emitter. 
A.R. :o6 | 2°5-3 | °05 to — 20-50 — — Can be run from dry 
"07 cells. Duli emitter 


filament. 
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HOW THE MARCONI.OSRAM 


Fig. This type is of somewhat similar 


13. 
although shorter, is supported in the same way. 


three functions which valves may perform 
in a receiver are those o: : 

(1) High-frequency amplifier 

(2) Rectifier 

and (3) Low-frequency amplifier. 

Thus a typical receiver is one of three 
valves in which the three successive valves 
perform functions in the order specitied. 
We now proceed to consider these 
functions in greater detail. 


Type R 
Anode Current - Grid Valts 


R5V VALVE IS CONSTRUCTED 


construction to the L.S.5 valve. 


The filament, 
The anode, as shown in the third illustration, 
has a single support, which feature is also shared by the grid 


(1) High-frequeney Amplification. The 
essential connexions of the high-frequency 
valves in three methods of high-frequency 
amplification are shown in Fig. ro. In 
cach case the aerial circuit is connected 
to the grid and the filament of the 
valve responsible for the high-frequency 
amplification. In each case also a vario- 
meter is shown for tuning the aerial circuit. 
As the high-frequency valve is a potential- 


Type RZ 
A ] 


ai 


zl 
ty 


Characteristics 


M Filament Voltage-4-0 volts. 
— Current- 0.67amps. 
» Emission-90milliamps 


` ` 


| 


lament Voltage - 5 vofts. | 


Anode Current- Grid Volts. | | 
aracteristics T 
: -t 2 


l 
+ 
| 
I 


| Amplification Factor-8 to10 
Internal Impedance-40,000 Ohms. T 
+ + 


L: E 


+ 


` » » Current- 0-65 amps. 
” => EMission-4-45 MIHQMps.— -- 
Anode voltages - 40,60,8 80 volts. ` 
l Approximate Values 1 
` /mpedance ~ 40,000 ohms Ae 
- - 4mplification factor-8 


I 
I 
| 
t 


Anode Current in Milliamperes 


Anode Current in Milliamperes 


p- 


05 L-J; 
0-4 ‘8 
40-3 6 
be L E! G 
A ! 
-+ +- === ETE pham ass: ===: — H ts 2 
| [Negative mi Positive | Negative : Positive, 
4 3 2 n 0 H 2 3 4 08664202468 02 AE 
Grid Volts. Grid Volts 


R TYPE MARCONI-OSRAM VALVE 
Fig. 14. Characteristic curve of the R valve, show- 
ing the effects of Go and So voltsappiied to the anode 


CHARACTERISTICS OF THE RZ VALVE 
Vig.15. The curves shown here are for anode vol- 
tages of 40, 60 and 8o and a filament voltage of 5 
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i" 22 AGREES posta OES tae PEON u SE! Yukay ee aa YEE 
if ° T 4 
; operated device, it is advisable to make the Type LS5 
j capacity of the circuit as small as possible, Es s 
I ; ° : + ~ Anoae Current brid volts 5 
so that if a variometer is used no further | “Characteristics ~ | 
tuning capacity is Ae For example, _Fiament Veltage-4s volts | 
the variometer made hy the General Radio bodena tose ee its 
Co. has an inductance range of 100 to spo sms 
1,230 microhenries, giving a range of 300 Ë eons anode a 
to 1,000 metres on a "P. M. G: aerial. Š TT] 2 
In the tuned anode method (Ig. 19a) & ine EN 
the oscillatory circuit is tuncd in the same Š mi Ly Š 
way. The connexion from the first high- Š reg BER š 
Hreguency amplifying valve to the second š j PA : 
is made via the grid condenser und the S +--+ 
anode battery. This method is very selec- S p= Š 
tive and satisfactory in every way. In the =o" B 
method (Tis. ro b) using a high-frequency Se = 
traustormer, air-core coils are normally & Ë; 
used. A given pair of coils is usually only * 
‘efficient as a transformer over a short 
range of wave-lengths, but it is possible to 
design a transformer witha tapping switch 
having a greater range, [ 


Inthe anode reactance method (Pig. 19 c) 8 6 4 2 0 2 
an air-core inductance is ieludec in the Grid Volts 
aie EPS N 
anode circuit, and the potential changes __ L.S.5 VALVE CURVES 
across it are transferred to the grid and fa- Fig. 17. Characteristics of this loud-speaker 
ment ol the next valve stag ae tieerd valve. Anode voltages should be of the order of 
WRES e NEXE VUNE Stage via tie 8 120-15.) for the best results, with a generous 


condenser and the high tel nsion battery. gril-bias voltage 
For convenience a tapped coil inay be 
used. Thus the H.F. reactance made by Type DER 
Radio Instruments, Ltd., is suitable for; racy xe SS Papp oops 
l 
~ Anode Current- Grid Volts ` HES Ez =| 
Type D.E.3 r Characteristics a aot sia a 
CI ee Oe Oe ea a eS Pc heck ee. JD a Asi E Be, 
+ AnodeCurrent_Grid Volts. 3 -| me ma Filament Voltage -175 volts. 
= Characteristics aig a | a ee ` = v Current -O30 amps + ü Ta 
SS sapa qa l t- » » ZsS/07n-S'miliamps 4-44 4 J t] 
r Grid Volts. Grid Current y er te oe | Anode voltages - 40& G? volt: S 
bi Characteristics — i g pee 4 ë 
ep h Š 
| Filament Voltage - 3 0 vats -= Amplit, CAOR racina 78 I J T Q 
S p o» ~ Currént-O-06 amps + T = 1 poe R 
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tig. 16, Curves of the D.E.3 dull emitter, Fig. 18. Curves ofthe D.E.R type, which requires 
requiring only 3 volts and ‘o6 ampere in the only a one-ccll accumulator and a H.T. battery 
filament and 25-45 volts on the anode of 40-50 volts 
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VALVE CONNEXIONS IN HIGH-FREQUENCY AMPLIFICATION 


Fig. 19 a (left). 


H.F. amplification. c (right). 


L.F. 
Signal 


0-0003 mfd. 
—1 


HF . 2 
Signal ** 


il 


Tuned anode method of H.F. amplification. 
Anode reactance method of H.F. amplification 


6 (centre), Transformer coupling 


CONNEXIONS FOR DETECTING AND L.F. AMPLIFYING 


Fig. 20. w (left). In this circuit the valve is used for reception and detection. 
The valve and L.F. transformer method of reception 


valve receives, detects and rectifies. c (right). 


use in this way over a range of 200 to 
20,000 metres. 

(2) Rectification. There arc two standard 
methods of rectification: (a) anode rectifi- 
cation; (b) cumulative grid rectification. 
The essential connexions of detector valves 
for both methods are shown in Fig. 20. In 
both cases the high-frequency signal to be 
amplified is applied to the grid and filament, 
while the resulting low-frequency signal is 
withdrawn from the anode cirenit. Anode 
rectification (Fig. 20 a) depends on the non- 
uniform relation between the anode current 
and grid potential, and in choosing a 
valve for this function it is essential that 
the characteristic for normal operating 
anode voltage should be curved. 

Cumulative grid rectification (Fig. 20 6), 
on the other hand, depends on the non- 
uniform relation between grid current and 
grid potential. Thus in choosing a valve 
jor this purpose it is essential that the 
grid characteristic for the working grid 
and anode voltages should be curved. 
The grid current should also be of suitable 
magnitude. 


L HT + 
| Output 
-HT.+ | 
L.F. 
Signal <— 
input 
iin HT- 
b (centre). Here the 


(3) Low-frequency Amplification. The 
most etheicnt low-frequency amplifying 
circuit is the combination of a valve and 
a low-frequency transformer (see Fig. 20 c). 
The transformers used are of the step-up 
trpe. Examples of standard transformers 
with winding ratios are: 

Radio Instruments inter-valve 


audio-frequency transformer 4:1 
Igranic intcr-valve transformer, 

shrouded type ¿a sth 5:1 
Formo inter-valve transformer 5:1 


With these transformers and a valve (R 
type) itis possible to obtain a low-frequency 
amplification of the order of 20, which ts 
actually higher than the amplification 
factor of the valve. This amplilication 
is not, however, usually maintained over a 
very large range of frequencies, so that for 
the amplification of speech and music the 
resistance-capacity method of amplifica- 
tion (Fig. 21) is sometimes used. 

The amplification obtained by this 
method can never be greater than the 
value of the amplification factor of the 
valve, and is usually not more than 6 if R 
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type valves are used. Moreover, a high 
anode potential has to be used owing to 
the drop of potential across the high 
resistance R. The latter difficulty is to 
some extent obviated by using a choke 
inductance, F, of small ohmic resistance 
in place of the high resistance R (Fig. 22°. 
But even in this case the amplification caa 
never reach a value as high as that of the 
valve amplification factor, whereas, as 
mentioned above, the amplification factor 
can be exceeded if a step-up transformer 
1s used. 

We now consider the factors influencing 
eur choice of vaive in any given case. The 
main consideration is usually found to be 
the convenience the experimenter has fcr 


HT+ 


6 velt accumulator is available, and there 
is no difficulty about charging, valves of the 
R and RZ type may be recommended 
because of their cheapness. But in most 
cases this is not so, and the choice has to be 
made between the two types of dull emitter 
valves, of which the D.E.2 and D.E. 
valves may be said to be typical. 

An accumulator is necessary if the former 
is used, but only -24 ampere per valve is 
taken from it, so that with a good accu- 
mulator ot large capacity the charging need 
not be a very frequent matter. On the 
other hand, when the charging of accumu- 
lators is quite out of the question, as in 
country districts, valves of the D.E.3, 
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LOW-FREQUENCY AMPLIFICATION BY TWO METHODS 


(left). 
Fig. 22 fright). 


Tig. 21 


The valves here used obtain amplification by the resistance coupled method. 
Amplification is obtained here by the choke inductance method 


CONSTRUCTIONAL DETAILS OF THE L.S.5 VALVE 
in the illustration to the left, the filament is supported as indicated in 


Fig. 23. Shown 
ihe right photograph by a rod with a spring-ended hook. 


the grid construction, and the third the method employed for attaching the oval anode. 


illustration shows 
The 


The second 


completed electrodes are seen on the right 
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B.5, and A.R. b types may be run on 
dry cells, as a current of only 60 milli- 
amperes is required. All the valves inen- 
tioned above are of the gencral purpose 
type, and will act efficiently as high- 
frequency amplifier, detector or low- 
frequency amplifier. 

For joud-speaker work a valve with a 
Jow internal resistance and high emission 
is most suitable (e.g. 1.S.5 or B.4). The 
low internal resistance is usually provided 
at the expense of the amplification factor, 
which is low in loud-speaker valves. For 
high-frequency amplification a higher 
amplification factor is desirable. 

The dull emitter valves mentioned above 
have a long life so far as filament burn-out 
is concerned. Useful life is therefore de- 
termined by the number of hours for which 
the initial emission is maintained, and is 
usually of the order of 1,000 hours. 

Recently, valves with coated filaments 
have been made in England by the Mullard 
Radio Valve Co. and the Western Electric 
Co. The power for heating the filament is, 
for a given electron emission, very much 
less than that of the pure tungsten fila- 
ment, and nearly as small as that of the 
thoriated tungsten filament. The Weco 
valve has a coated filament, and takes 
“25 ampere at -8 to 1-1 volt for normal 
operation. Its life is found to be several 
times that of a pure tungsten filament, and 


to exceed that of the thoriated tungsten 
dull cmitter filament. 

A typical power-amplifying valve is the 
Marconi-Osram type L.S.5, illustrated in 
Fig. 23. This valve is a comparatively 
recent development in power amplifiers, 
for it is a dull cmitter. The filament con- 
sumes approximately -8 ampere, at 4:5 
volts, while the anode requires a potential 
of from 120 to 150 volts. 

Reference to the illustration will show 
that the anode is oval in section, and that 
it is supported on either side by a very 
stout wire pillar. The grid, which is also 
oval, and which closely follows the interior 
of the anode, is supported on an inverted 
U-shaped framework of heavy wire. A 
double filament of an inverted U shape 
is fitted, the top of which is supported 
from a hook attached to another pillar 
situated at the rear of the anode. 

The contacts fitted to this valve are 
worthy of note. It will be seen that they are 
not of the usual split wire type, but 
are made in two parts. There is a wire 
pillaruf rather smaller diameter than usual, 
surrounded by a stamped metal thimble 
forced upon the central wire. It has been 
found that this construction eliminates 
the tendency of repeated removal and re- 
placement of the valve in its socket to 
reduce the efficiency of the contact be- 
tween the hollow socket and the valve pin 


VALVES FOR WIRELESS TRANSMISSION 
By Professor W. H. Eccles, F.R.S. 


During recent years the developments in the broadcasting of wireless transmissions 

+ have been phenomenally rapid: and no component has more quickly evolved to assist 

this advance than the three-electrode transmitting valve. Dr. Eccles contributes an 

excellent study of its principles and its practice in working. See also Broadcasting; 
Transmission; Valves for Reception 


The rapid development of wireless 
telephony which has taken place during 
the past ten years has been made possible 
by the application of the three-electrode 
thermionic valve to the generation of 
electrical oscillations, 

As soon as it was proved that oscilla- 
tions so generated gave excellent wireless 
telephony, great attention was directed to 
the development of the three-clectrode 
valve, and very soon the valve was being 
made of a size and quality that fitted 
it for Morse transmission over hundreds 
of miles as well as for telephony over 
tens of miles. As early as i915 the 
American wireless engineers showed, 
however, that they had greater ambitions 
for telephony than merely to use it 


for short-distance work ; for in that 
year they succeeded by a special effort in 
transmitting speech across the Atlantic 
irom Washington to Paris by means of a 
battery of 300 thermionic tubes operating 
in parallel. These tubes were of about 25 
watts output cach, and were then the 
Jargest made. Since that date the size 
of the threc-electrode valves has been 
gradually increased, until to-day they have 
been built about four thousand times as 
powerful. - 

The valves used in transmitting stations 
are of two kinds, those with two electrodes 
and those with three electrodes. In either 


case one of the electrodes, called the’ 


cathode, is heated in order that it may 
emit electrons ; the electrons are attracted 
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across the evacuated bulb frora the cathode 
to the anode when the latter is raised to a 
high voltage. When thev reach the anode 
they enter its substance end flow along the 
metal conductors leading to the outside, 
thus forming an ordinary electric current. 
The circuit is completed outside the valve 
by connexions of various kinds, including 
the source of high voltage, and thus the 
electrons enter the cathode again and con- 
stitute a negative current circulating con- 
tinuously so long as the cathode is hot and 
the high voltage is applicd to the anode. 
The most convenient way of pre idling 
a hot cathode in an evacuated bulb is to 
make it m the form of a fila- 
ment which is capable of being 
warmed by the passage of an 
auxiliary current through it. 
Another way is to make it in the 
form of a metal tube inside the 
bulb and then heat this tube by 


o / 2 3 4 S 
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Scale of Inches 

TRANSMITTING VALVE TYPE T.4.A 
Fig. 2. This diagram illustrates an Admiralty 
type of glass valve for transmission. The sizes 
of its ditferent components may be judged from 

the scale 

Courtesy “Journal of the Institution of Electricai Engines” 


an incandesced filament inside it or by the 
process of electronic bombardment. 

In transmitting valves, as in receiving 
valves, the most useful conductor for the 
ñlament is tungsten, which can be heated 
to very high temperatures without undue 
evaporation. At 2,000° absolute, the emis- 
sion is about 5 milliamperes per square 
centimetre of tungsten surtace, at 2,5007 
it is about r ampere per square centimetre, 
and at 3,000° it is more than 30 amperes 
per square centimetre. The rate of emis- 
sion can be increased by introducing 
thoria into the filament during the process 
of manufacture. Such a filament emits at 
1,400° the same electron current as would 
be emitted at 2,000° by pure tungsten. 


. When, 


A two-electrode thamani valve may 
be called a diode valve for short, or a 
Fleming valve. The anode may in general 
be of any shape. An obv lously con- 
venient form of anode is a flat plate fixed 
parallel to the filament. Another obvious 
form is a cylinder surrounding the flament. 
Both forms were used by Fleming, and 
betore him by experimenters on electrons. 


MARCONI-OSRAM 100 WATT 
POWER VALVE 


Fig. 1. In this valve the circular anode 

is supported by metal tripods. The 

flament is kept tight by a helical 

spring fixed in the glass at the 
top end 


as in large oe valves, a high 
voltage is to be applied between anode 
and flament, the cylindrical form is best 
for withst: nding the strong mechanical 
attraction that may arise Detweeh two 
conductors at verv different potentials. 

In fact, if the filament is a strai ight one 
and it is fixed accurately along the axis of 
the surrounding cy lindrical anode, there is 
ho attraction upon it at all, and even if it 
departs slightly from the ideal centre linc 
the attraction is relatively small. The 
atiraction can also be made very small when 
the anode is of plate form by making 
it of two plates, connected together Ble 
trivally, one on cach side of the filament. 
For mediuin power valves the plate form 
is therefore sometimes adopted, but for 
large power valves the cylindrical con- 
struction is almost necessary. 

In most diodes the anode is situated 
within a glass or similar bulb, and is held in 
position round the filament Means of 
rigid supports resting on the glass. The 

variations of design are innumerable. One 
example is seen in Fig. 1, which shows a 
100 watt power valve of Marconi-Osram 
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supported both above and below by metal 
{ripods, which bear on the narrowed parts 
of the bulb. The lead from the anode is 
taken through a seal in the wide part of the 
bulb, in order to obtain between anode and 
cathode a long leakage path over the glass 
and thus secure excellent insulation 
between these conductors. 

It will be noted that the filament is 
a hairpin filament kept taut by a helical 
spring anchored in the glass and attached 
to the bight. In mounting the electrodes 


inside the bulb the glass-blower must 
adjust the tension of this spring, and 
therefore the tension of the filament, by 


at a speed of 11,000 miles per second when 
they strike, and the kinetic energy they 
possess is dissipated by heating the 
anode. This waste of energy during the 
use of a rectifying tube is inevitable until 
someone invents a way of landing the 
electrons on the anode without con- 
cussion. 

This heating of the anode affects con- 
siderably the design and the manufacture 
of large valves. In the first place, the 
metal must be chosen to withstand easily 
the effects of high temperature. The metal 
ordinarily used in receiving valves is 
nickel; but in power valves the most 
suitable metal ismolybdenum. A few years 


VARIOUS PARTS OF THE M.T.6 TRANSMITTING VALVE 


Fig. 3. lere are portrayed the different stages of the construction of the M.T.6 valve. 


From 


left to right are shown: anode mounted; anode unmounted; grid mounted ; grid unmounted ; 
filament mounting and seals 
Courtesy Marconi’s Wireless Telegraph Co., Ltd. 


pulling out or pushing in the glass part 
while it is being heated in the blow-pipe 
flame. The Mullard Company employ 
a small metal index which is also 
anchored in the glass, and which lies 
alongside the spring to serve as a gauge 
for helping the glass-blower to give a 
predeterminec tension to the filament. 

In the operation of these power recti- 
ficrs the anodes become very hot and are 
often worked at a red heat. The heat is 
produced by the impact of the electrons, 
which, after emission from the filament, 
attain high velocity and bombard the 
anode violently. For example, if the 
anode is 1,000 volts positive relative to 
the filament, the electrons will be moving 


azo molybdenum anodes were made by 
weaving molybdenum tape into a basket- 
like cylinder, but nowadays they are simply 
rolled sheet metal. It is found that a 
molybdenum anode can dissipate four times 
as much heat as a nickel anode ; so higher 
voltages can be employed with a molyb- 
denum anode of the same size as the 
nickel anode, and there is less danger 
of damage by accidental overheating. 

In the second place, in using power 
valves, provision must be made for get- 
ting ridofthehcat. Ina bank of rectifiers 
for a big transmitting station about 20 or 
30 kilowatts must be disposed of. <A 
certain amount of the heat is radiated to 
a distance; but if the bulb is of glass this 
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Tig. 4. An illustration of the Western Electric Fig 5. M.T.5 transmitting valve, which dissipates 
Co.’s latest type of water-cooled transmitting 25 watts at the anode, suitable for voltages up 
valve to 1500 


Courtesy “ Electrical Communication ” Courtesy Marconis Wireless Telegraph Co., Ltd. 


Fig. 6. Four types of transmitting valves. From left to right these are: M.R.O rectificr ; 
M.T.6; 7.450 high-power valve; and M.R.4 medium-power rectifier 
Courtesy Marconis Wireless Telegraph Co., Lid, 


= MODERN TYPES OF HIGH-POWER TRANSMITTING VALVES 
2199 


VALVES, TRANSMITTING cna 


ae 


VALVES, TRANSMITTING 


" M.T.4 VALVE FOR TRANSMISSION 


Fig. 7. Tests of this valve have shown that it will 
dissipate 200 watts at the anode and is suitable 
for voltages from 7,500 to 10,000 
Courtesy Marconi’s Wireless Telegraph Co., Ltd. 


absorbs some of the radiation and gets 
very hot. It then has to be cooled by 
the use of an air-blast furnished bv a 
constantly running blowing engine or 
compressor. 

In the third place, the manufacture of 
power valves is much more difficult than 
that of receiving valves. The fact that 
the anode becomes very hot in use com- 
pels the manufacturer to get rid of ab- 
sorbed gas more thoroughly than is neces- 
sary in the manufacture of receiving 
valves. The process of exhaustion is 
pursued to extreme lengths. and the 
pumps are kept running some hours 
while the anode is bombarded by elec- 
trons from the filament in the same way 
as it will be bombarded in use. 

Indeed, the bombardment during manu- 
facture should be carricd on at a higher 
valtage—that is to say, with even more 


vigour—than will be experienced later. At 
the same time the glass must be heated by 
an external agency to a higher temperature 
than it is likely to experience in action, 
and this is best done in a furnace which can 
itself be partially evacuated to remove 
the pressure of the atmosphere trom the 
bulb while it is heated almost until the 
glass softens. 

While applying to the anode a voltage 
higher than will normally be applied to the 
finished article, the manufacturer meets 
a rather curious difficulty which causes a 
number of failures during the bombarding 
process. The high voltage on the anode 
accelerates the electrons from all parts of 
the filament and attracts most of them 
to itself; but some of the electrons from 
near the ends of the filament may, after 
getting up a high speed, shoot past the 
anode and strike the glass. When this 
happens to a sufficient extent the bom- 
barded area of the glass may get so hot 
that the atmospheric pressure blows a 
hole in it and ruins the valve. This acci- 
dent may be prevented by making the 
cylinder long enough to cover the ends of 
the filament. f 


The object of the elaborate manufactur- 
ing process indicated above is the com- 
plete removal of gas, whether free, or oc 
cluded in metal, or absorbed on glass. The 
free gas is easily removed by modern 
pumps, but gas in the solid parts is less 
easy to eliminate, and gradually comes out 
in working. This free gas is easily ionized 
by the high-speed clectrons—that is to 
say, the gas molecules are broken into 
positive ions and negative electrons. The 
negative clectrons join the main electron 
torrent and rush towards he anode. The 
positive ions are repelled from the anode, 
gain speed, and rush at the filament. 

Doubtless most of the ions, Im passing 
through the dense cloud of electrons just 
leaving the filament, are neutralized ; but 
their momentum carries them right on to 
the filament, and they may heat portions 
of it so greatly as to cause actual evapo- 
ration of the metal. This is the beginning 
of the end of the filament. In the carly 
days the endeavour to use high voltages 
in order to handle large powers resultec 
in rapid destruction because the art of 
evacuation was not systematized. 

The life of a filament might then be 
one or two hundred hours. To-day many 
high-voltage valves live two or three 
thousand hours. It may indeed be said 
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that the life of a properly exhausted valve 
is a matter of filament thickness, and that 
the end comes because of unevenness 
in gauge or texture. The initially thin 
parts of a filament tend to become thinner 
still because the heat developed by the 
heating current is greater at the thin 
parts, and the evaporation of metal in 
the emission of electrons is therefore 
greater there. Obviously, thick filaments 
can be made of more uniform gauge 
and quality than thin ones, and on this 
account their life should be longer. 

A thick filament requires a greater 
heating current than a thin one, and, 
other things being equal, costs more per 
hour in working. The designer or pur- 
chaser has therefore to balance shortness of 
life against running costs when deciding up- 
on the thickness of filament he will specify 
in ordering a quantity of power valves. 

Practically all that has been written 
above about the manufacture of valves 
with two electrodes applies also to valves 
with three clectrodes, which may be called 
triodes. The triode differs from the 
diode only by having a grid interposed 
between the filament and the anode. The 
theory of the grid is the same in trans- 
mitting as in receiving valves. Because 
the grid is nearer the filament than the 
anole is, a small voltage applied to the 
grid is equivalent to a large voltage applied 
to the anode, and therefore small changes 
of grid voltage produce relatively large 
changes of anode current. The ditference 
between transmitting and receiving triode 
valves lies solely in their size and design 
in detail. 

The chief points in filument and anode 
design have already been explained for 
diode valves; the only additional feature 
in triode valves arises in the design of 
the grid, which must be supported to 
withstand great electrostatic pulls and 
must be thick enough to endure consider- 
able bombardment. 

During the war triode valves were 
made of gradually increasing size, until at 
last glass valves capable of dealing with 
half a kilowatt of input cnergy were 
standarized. The British navy mean- 
while developed silica valves of even 
higher power. Silica has many advan- 
tages over glass; it allows of the anodes 
being worked at temperatures so high that 
glass would soften and collapse, and it is 
more translucent to heat rays, and there- 
fore keeps cooler than glass. 
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The metal parts of both the glass and 
the silica valves are practically the same, 
but in silica valves the anode is made 
smaller than it could be made in glass 
valves of equal rating. A dimensioned 
sketch of an Admiralty glass valve is 
given in Fig. 2, which is taken from a 
paper read by Gossling before the Institu- 
tion of Electrical Engineers. Recently 
Colonel Morris Airey, of the Admiralty, 
has exhibited a silica valve capable of 
dealing with over 50 kilowatts. 

The latest development in valves, both 
diode and triode, consists in cooling the 
anode by flowing water or oil. Such a valve 
presents the appearance of a metal cy- 
linder with a flat bottom, surmounted by 
a bulbous top of glass. The exposed n:ctal 
cylinder is the anode, the grid and the 


M.T.2 TRANSMITTING VALVE 


Fig. 8. This, high-power transmitting valve 
dissipates 600 watts at the anode, and is suitable 
for voltages up to 1200 
Courtesy Marconi’: Wireless Telegraph Co., Ltd. 
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filament being held in place within i by 
means of leads and supports sealed inte the 
glass top. The glass top is itself scaled 
to the metal anode. 

Fhe water-cooled valve made by the 
Western Electric Company is illustrated 
in Fig. 4. This type of valve is also 
made by the General Electric Company of 
America and by Phillips of Holland. Some 
of these valves have been built of large 
size. The standard Western Electric valve 
is capable of dealing with an input of 
more than 15 kilowatts at 10.000 velts on 
the anode; but experimental valves have 
been built by the company to deal with 
more than 200 kilowatts. . 

As an example of a modern large valve 
equipment that at the Radio Corporation's 
* station at Rocky Point, Long Island, may 
be cited. The valve equipment was sup- 
plied by the General Electric Company of 
America. It consists of a bank of thice 
50 kilowatt diode rectifiers and a bank 
of six 20 kilowatt triode oscillation genc- 
rators. The primary supply of clectric 
energy is 30,000 volts alternating vur- 
rent; this is rectified by the first bank 
and passed to the triede vank, which 
converts it to high-frequency current. A 
current of 350 amperes was maintained 
in the aerial during a test of sixteen 
hours. 

VALVE SOCKET. Name givin toa small 
brass component chicfly emploved by the 
amateur constructor as a means of making 


MOUNTED VANE CONDENSER 

It is best to mount vane condensers in 

a case as shown to prevent dust or dirt accu- 

mulating on the plates and altering the capacity 
Courtesy Peto-Scott Co., Ltd, 
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VERNIER VANE CONDENSER 
Fg. 2. In this example a vernier adjustment 
is fitted for fine tuning. ‘This instrument is 
of very accurate construction 

Courtesy Peto Scott Co., Ltd. 
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up a holder for an ordinary three-clectrede 
valve. See Valve Leg. 

VANE CONDENSER. Name applicd to 
Dany patterns of variable condenser 
characterized by the use of a number of 
Hat plates. One example is illustrated in 
Fig. 2, showing a Peto-Scott pattern with 
a vernier attachment. The condenser is 
composed oí fixed plates arranged parallel 
to cach other and secured to three tie rods, 
the plates being separated by small washers. 
The end plates are thicker than the others 
and act as the supports for the rods and 
the bearings for the centre spindle. Other 
and sinaller plates are similarly mounted 
on the spindle, which is free to turn within 
the fixed plates, under the control of the 
dial and knob. A separate movable plate 
acts as a vernier, and is actuated hy a 
small lever and knob. Vernier condensers 
are also dealt with under the heading 
Vernier in this Encyclopedia, and under 
the heading Condenser. 

Vane condensers should be kept free 
from dust and dirt, and the method of 
mounting them in a small case with an 
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VARIABLE CONDENSER 


ebonite top is shown in Fig. I. 
See Air Condenser ; Condenser. 
VANNI, GIUSEPPE, Italian 
wireless authority. Born at 
Albano Laziole, Rome, 1862, 
where he was first educated, he 
continued his studies of electri- 
city under Professor Kohlransch 
at Strassburg. In 1894 he was 
appointed a lecturer in 
physics at the Collegio 
Romano, Rome, 
and professor T 
and director of “> 
the physical 


VANNI’S LIQUID MICROPHONE 


This illustration portrays diagrammatically the 


quid microphone of Giuseppe Vanni, and 
indicates clearly the principles of its action 


laboratory of the Military Radio Tcle- 
graphic Institute in Rome, rgr2. The 
same year he took part in the International 
Kadiotelegraphic Conference in London. 
and also in those held in Paris in 
I9I2 and 1913. 

Prolessor Vanniis one of the 
most brilliant of the Italian 
wireless authorities. He is 
the inventor of an ingenious 
form of liquid microphone, 
seperately described in this 
Encyclopedia, with which he 
carried out telephonic com- 


munication between Rome and Tripoli. 


He has written a number of standard 
books on electrical engineering and wire- 


less, and in 1gi4 was awarded the Cagnola 


Prize of the Royal Lombard Institute of 
Science and Literature in Milan. 


VANNI’S LIQUID MICROPHONE. 
Type of liquid microphone due to 
t 


; 


G. Vanni. In the Vanni microphone a jet, 
J, of some conducting liquid, as acidu- 
lated water, is made to impinge on a 
sloping metal plate, F, which forms one 
terminal of the microphone. This sloping 
metal plate is fixed in position. 

The other electrode of this microphone 
is also a metal plate, M, but it has a certain 
freedom of movement, so that one edge of 
it can just dip into the thin stream 
of conducting liquid that flows over 
the fixed electrode. The play of the 
moving electrode is controlled by 
means of a lever mechanism, A, 
attached to the diaphragm, D, of the 
microphone. The vibration of the 
diaphragm causes the moving 
BT electrode to dip in and out of 

the stream of liquid between 
the’ two clectrodes, and this varies 
the resistance to any current which 
may be passing. 

VARIABLE CONDENSER. The 
expression variable condenser is 
cluefly applied to instruments of the 
moving-vane type, a development of 
which is illustrated in Fig 1. This 
is known as the 3 E.V.C. con- 
denser, and has many applica- 
tions in conjunction with the 
climination of interference and 
for many forms of bridged or 
balanced circuits. There are three variable 
elements in this condenser, the outer pair 
of moving plates and the inner or bridging 
plate, the plates of which are adjustable 
separately and relatively to each other. 

Other forms oj variable condenser are 
illustrated and described under the headings 
Air Conderser, Condenser, Tubular and 
Vernier Condensers {q.v.). A more compact 
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3 E.V.C. TYPE OF CONDENSER 


Here there are three variable condensers 
This type of instrument is particularly 


Fig. 1. 
in one. 
valuable in interference-eliminating circuits 
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LISSEN VARIABLE CONDENSER 
Fig. 2. Compactness is the striking feature of 
this instrument, In this type mica or some 
similar diclectric is employed instead of air 
Courtesy Liscen, Lad, 


type of variable condenser 1s illustrated in 
Fiv. 2, and is known as the Lissen. This, 
and others ol other makes, incorporates 
the principle of two or more adjustable 
plates separated bya dielectric of mica or 
ether material not air. One plate is usually 
` Ned and the others adjustable, as regards 
their distance from it, by means of an 
ebonite knob. Such condensers have the 
merit of considerable range of capacity 


LISSEN VARIABLE. GRID LEAK 


Suitable for panel mounting, this component 
has soldering tags attached for connecting the 
wires in position 
Courtesy Lissen, Ltd, 


while occupying small 
Condenser; Condenser ; 
denser. 

VARIABLE GRID LEAK. Term used 
to describe al forms of grid leak with 
ready means for altering their value. One 
device, known as the Lissen, is shown in the 
illustration. It has an ebonite case with a 
centre hole ñxing for panel mounting, the 
alteration of value being obtained by 
rotation of the cbonite knob Soldering 
tags are fitted for the attachment ol the 
connecting wires. See Grid Leak. 

VARIABLE INDUCTANCE. Term ap- 
plied to all forms of inductance which are 
so arranged that the effective value can be 


space. See Air 
Tubular Con- 


did at will. Among the methods that 
have been adopted are the sliding type of 
inductance, and the use of tappings and 
contact points of studs controled by 


ah inductance switch. See Coil; Induct- 
ance; Tapping, etc. i 
VARIABLE RESISTANCE. Strictly 


speaking, an expression covering all forms 
of adjustable resistance. In wireless work 
the term is more applied to those resistances 
of high value required in many circuits, 
There are many patterns, but these illus- 
trated are characteristic, and known as 
the Lissen. The actual resistance is a 
compound of high resistivity and is varied 
by alteration of the pressure exerted by the 
screwed spindle rotated by the smail 
ebenite knob. See Resistance ; Rheostat. 

VARIO-COUPLER. Name given to a 
tuning device. A vario-coupler consists of 
two clements, first a fixed portion which 
is Virtually an inductance coil wound upon 
a tubular or spherical former, and often 
known as a stator, and a movable portion 
known as a rotor. The latter may take 
the form of a basket coil, spherical rotor 
ball, or other convenient form. In addi- 
tion, a Vario-coupler may actually consist 
of two plug-in type coils, suitably con- 
nected and tapped. In this Encyclopedia 
the application and construction of vario- 
couplers are fully dealt with, e.g. under 
Armstrong and Reflex Sets. 

AS regards 


the rotor ball type of 


VARIABLE RESISTANCES 


Three standard types of high 

variable resistances which de- 

pend upon pressure for their 
varying values 
Courtesy Lissen, Ltd, 
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_VARIOMETER 


GECOPHONE VARIO.COUPLER 
In this type the rotor is mounted inside 
a tubular tapped inductance as the stator 
Courtesy General Eiectric Ce., Lid. 


Fig. 1. 


instrument, such as that illustrated in 
Fig. 1, which is known as the Gecophone 
vario-coupler, this part ol the device 
follows the same methods of construction 
and winding as that described in the article 
onrotor (g.v.). The Gecophone vario-coupler 
comprises a tapped stator in the form ot an 
inductance on a tubular former, the retor 
being mounted within the tube and con- 
trolled with an ebonite knob and dial. 

In another pattern, illustrated in Fig. 2, 
a somewhat similar arrangement ol a 
tapped inductance is used in the primary, 
while the rotor in this case consists of a 
lattice-wound basket-type coil mounted on 
two short spindles in a similar manner to a 
variometer, the movement of the rotor 
being controlled by an ebonite knob. 

In instruments of this general type the 
wiring may he carried out in various ways. 
The tappings in the primary are usuclly 
carricd to a stud switch controlled by a 
movable contact arm and connexions 
made in the usual way to aerial, carth and 
the detector. The rotor may be wired into 
the circuit either as a reaction coil or as a 
coupling coil to a secondary inductance of 
suitable value, in which case the primary 
is connected to aerial and earth and one 
side of the secondary taken to the de- 
tector. The vario-coupler is in this sense a 


` COMMON TYPE OF VARIO-COUPLER 


Tig, 2. Here a lattice-wound basket coil is used 
as a rotor, movement being controlled by the 
knob 


most adaptable* instrument for tuning 
purposes. See Coil; Rotor; Stator; 
Variometer. See also under the names of 
Various sets using vario-couplers. 
VARIOMETER. A form ot variable in- 
ductance in which the variation is made 
without alteration to the amount of con- 
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GECOPHONE VARIOMETER 
Fig. 1. The rotor here is mounted on two half- 
spindles projecting through the stator walls 
Ccurtesy General Electric Co., Ltd. 


VARIOMETER 


FOR HOME CONSTRUCTION 
Vis. 2 (above). Four ebonite plates are cut to 
shape and drilied to form end supports of the 
home-made vasiometer. Fig. 3 right), End 
plates of the rotor are now in position and the 
central spindle fitted 


Variometer usually comprises either a 
tubular or spherical exterior member or 
stator, with a spherical internal member 
known as the rotor. An exaraple of this 
type is the Gecophone varioneter, ilius- 
trated in Fig. 1, The rotor 1s mounted 
on two half-spindles which project through 
lushed holes in the walls of the stator, 
movement of the rotor being contro'led 
by means of a dial and knob 


G.R.C. VARIOMETER 


Tig.. Both stator and rotor in this exan:ple 
are wound without formers, an insulated outer 
cage carrying the spindle and ebonite blocks 
Courtesy Genera! Radio Co., Lid. 


A variometer is wired so that there are 
only two ultimate ends to the winding 
proper. The outer windings commence at 
one terminal, the requisite number of 
turns are made outside the stator former, 
and the end of this wire connected to the 
commencement of the rotor winding, such 
connexion being effected by means of 
bushing and half -spindle and by contact 
strips. Other methods include the use of 
flexible wire, contact brushes, and so forth. 
The end of the rotor winding is similarly 
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connected to the other hali-spindic, and 
tLis is connected to the second terminal. 

e€ A particularly Eves example of a 
variometer suitable for broadcast band of 
wave-lengths is that illustrated in Fig. 4, 
as supplied ! by the General Radio Co. L td. 
This is built up so that only the winding 
itself is needed to form the major portion 

ol the stator and roter, the latter having a 
small ring or flange which acts as a sup- 
pert to the spindle, the stator having an 
insulated cuter cage of metal to catry 
ebonitc blocks and supporting bashes 
ior the rotor spindle. 

The small ebonite plate is connected by 
means of a screw in the end of the stator 
framework and cnalles the frame to be 
fixed under anv reasonable conditions. 
The modes of wiring and making vario- 
meters of the sphcrical type are described 
in the articles Stator and Rotor (g.v.). 


HOME-CONSTRUCTED VARIOMETER 


Fig. 5. This simple variometer is easily made 
at home. Two rectangular formers are used in 


place of tne more usual spherical ones 


WIRING THE ROTOR 


Fig. 6. To hold the wiring of the rotor firmly 
in place notches are cut in the end plates. Note 
the positions of the hands 


A suitable simple and effective construc- 
tion for amateur purposes is illustrated in 
Fig. 5, from which it will be seen that the 
spherical formation is substituted by the 
use of two rectangular windings supported 
by flat ebonite end plates. These are 
connected together by means of cbonite 
or brass rods to form two pairs, the smal'er 
being arranged to rotate within the other. 

For broadcast purposcs, When used in 
conjunction with the average aerial and a 
low value serics condenser, the variometer 
plates may measure 4 in. long, 3 in. wide 
and x2 in. deep for the stator, and 3š in. 
long, 22 in. wide and tj in. deep for the 
rotor. These ebonite plates are then squared 
up and radial notches cut in the ends of 
them, as shown in Tig. 2. Central -ho.es 
are drilled for the bush and spindles re- 
spectively. Other holes are drilled near 
the corners for the passage of the tic-rods. 
Two holes should also be 
drilled and tapped in one ot 
the plates so that the vario- 
meter may be screwed to the 
panel. 

After the plates have been 
prepared they should be tested 
by mounting themon a rod and 
rotating them to see that the 
radial slots are correctly cut, 
and that the ends of the pieces 
for the rotor are also cut to 
a radius. There should be a 
gap of about } in. between the 
outside diameter of the rotor 
plates and the bottom oi the 
radial walls on the fixed or 
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about jj; in. in diameter. The ends of 
these rods are drilled and tapped, and 
No. B.A. countersunk screws passed 
through the holes in the rotor end plates 
and screwed into the rods. 


Two short lengths of screwed rod are 
then fixed in the centre holes and secured 
with lock nuts in the usual way, to act as 
spindles. 

The next step is the wiring, which may 
be performed with ordinary No. 20 gauge 
enamelled copper wire. As many turns as 
possible should be made, commencing 
from one of the outside corners of the 
notches until the notches on one side of 
the spindle are completed. The wiring is 
then swept across to the next notch and 
continued as in Fig. 06. 

After the wiring is finished, the two ends 
should be connected one to cach of the 
spindles by means of lock nuts. The stator 
plates should then be assembled on the 
rotor by means of rods, which may be 
screwed into the holes in the end plates 
andesecured with lock nuts. Two terminal 
nuts should be fittéd on the outside end 
of the top pair of rods, cach of these rods 
being connected to one of the hall spindles 
of the rotor by means of a copper contact 
strip, the whole arrangement being clearly 
illustrated in Fig. 7. 

To keep the rotor in place and keep the 
winding from rubbing against the end plates 
of the stator, one or two spring washers 
should be interposed between the two 
pairs of end plates, and the length of the 
stator reds. being rather longer than those 


stator plates. The rotor is 
then assembled, as shown in 
Fig. 3, by means of four equal- 
length rods of brass or ebunite 


HOW THE ROTOR IS FITTED IN THE STATOR 
Fig. 7. Here the variometer is nearing completion, and the 


rotor is fitted inside the stator. Note the connecting strip 
hetween the ccntral spindle and the stator termina! 
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tor the rotor, gives sufficient clearance. 
These spring washers and other con- 
structional details are shown in big. 8. 
The stator is wound in a similar manner 
to the rotor, but it is necessary to interpose 
a thin strip of insulating material between 
the winding and the contact strips. The 
final stage in the wiring, as well as these 
contact strips, is illustrated in Fig. o. 
The stator winding has to be carricd out 
1 
i 


DIAL AND SPINDLE DETAILS 

Fig. 8, Spring washers are employed to keep 
the rotor end plates from jamming against the 
stator end plates 


alter the rotor is assembled in its place, 
as it is otherwise difficult properly to 
connect the rotor to the spindics. The 
commencing end of the stator winding 
should be attached to one of the rods 
having a terminal on it, 

The winding is then continued 48 In the 
casc of the rotor, and should be in thes une 
direction. The ultimate end of the rotor 
winding is connected to the other rod of 
the stator, which is also provided with a 
terminal. On making a battery test with 
telephones in the usual way, the circuit 
should now be completed through the 
terminal. The current should have an 
unbroken metallic path from the first 
terminal, around the stator winding to the 
second rod, which is connected to the 
‘ariometer spindle by means of a contact 
strip, shown in Fig. z. 

The current then 
strip, through the 
thence through the contact strip to the 
second terminal on the Stator. In use, 
tuning is effected by varying the degree 


rotor half-spindle, 


passes through this- 


Š Ó _— 255 85 -o 
LAST STAGE IN THE WIRING 
Fig. 9. The final stage of the wiring is shown 
here. The rotor winding is completed and the 
last stage of the stator winding is in progress 


ot coupling between the rotor and stator. 
Results may only be obtained when the 
rotor is turned through 180 degrees. This 
may arise should the winding be arranged 
in opposite directions. See Coil; 
Inductance. 

VARIOMETER WAVE-METER. Form 
of wave-meter employing a variometer as 
the variable inductance. The best form 
of variometer wave-meter is that due to 
Professor J. S Townsend and patented 
by him. This form ol Wave-meter, by 
Means of a two-way switch, mav be used 
for Jong or short wave-length ranges, 
See Wave-meter. 

VERNIER CONDENSER, A condenser 
ef low value used in a circuit for fine 
tuning purposes. 

A vernicr variable condenser of such 
construction is illustrated in Fig. I 


, 


and in this three end plates are used, 
thus providing for adequate support of 
vernicr spindle, imparting to it an 


the 


CONDENSER WITH VERNIER ADJUSTMENT 


Fig. 1. Between the lower end plates an addi- 

tional moving and fixed pair of plates, controlled 

Separately, provide vernier or fine adjustment of 
capacity 
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3 
VERNIER CONDENSER DETAIL 
Fig. 2 (above). 


panel beneath the dial. Fig. 3 right). 


independent means of adjustment. Such 
condensers are usually rehable and robust 
in use and not easily deranged. 

The experimenter will otten Leo called 
upon to convert an ordinary variable 
condenser to a vernier condenser. One 
method by which an extensivdy uscd 
make of variable condenser can be adapted 
as a vemier is illustrated in Fig. 2. The 
method consists essentially of attaching 
a fixed plate to the outside of the 
panel, attaching to the underside ol the 
dial another metal plate, and altering the 
dial knob so that the dial only may be 
rotated while the knob remains stetionary. 

The first step is to take an ordinary fixed 
condenser plate and screw it by means of 
countersunk brass screws to the outside 
of the panel, as is shown in Fig. 3. The 


SPECIAL ADJUSTING PLATE 
Fig. 5. Here the special metal plate is being 
fixed in position on the dial. This part of the 
construction calls for careful wo-k 


D 103 


Jn this form a fixed plate is secured to the 
Attaching the fixed 
plate to the panel by means of countersunk screws 


Next operation is to part the knob from 
the dial, if necessary sawing them asunder. 
A special metal plate is then cut from 
Drass or aluminium and should be similar 
in «neral shape to the ordinary moving 

5 i h $ 
plates, but sho have an outwardly 


DIAL OF THE CONDENSER 

Plan view of the dial, showing the 

knob for the vernier plate cf the 
condenser 


Fig. 3. 


control 


WIRING THE VERNIER CONDENSER 
Fig. © In wiring the condenser one lead is 
brought through the panel to the fixed plate 
beneath the dial 
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VERNIER DEVICE 


projecting arm. The shape of this arm, 
as well as the small ebonite knob which is 
connected to it, is shown in Fig. 5. 

The dial should be provided with a small 
bush and spring to keep it in its place, 
this detail being also visible in Fig. 5, 
where it is shown held between the opera- 
tor’s finger and thumb, The whole purpose 
of this little spring and bush is to provide 
a bearing for the dial to rotate upon. 
A plan view of the dial, knob and ad- 
justable handle is shown in Fig. 4. 

The wiring necessary for such a con- 
version is illustrated in Fig. 6, and consists 
merely of a single length of tinned copper 
wire, which is soldered to one o! the screws 
securing the fixed plate to the panel, 
this wire being brought out to the opposite 
end plate of the main condenser and con- 
nected to one of the terminals in contact 
with the fixed plate. After assembling 
the dial, the knob proper is screwed on 
to the condenser spindle and secured 
with a sct-serew, as illustrated in Fig. 2. 
In use the main part of the condenser 
is controlled in the ordinary way by 
rotating the knob, fine tuning being 
imparted by mov: ment of the hand lever 
connected to the dial. 

An alternative method is to leave the 
knob and dial in touch with the moving 
plate by means of the lever. Either plan 
gives very good results in practice. Ina 
general sense any small variable condenser 
wil] act as a vernier if it be shunted across 
the ordinary type of variable condenser. 
See Billi Condenser; Condenser. 

VERNIER DEVICES. This term em- 
braces numerous mechanical arrangements 
for imparting slow motion to a control. 

One of the simplest devices for the 
home constructor is illustrated in Fig. I. 
It consists of an ebonite rod, about o in. 
long, with a tapered brass blade about 
3 in. in length, attached to it. It is used 
as shown in Fig. 1, by resting the end of 
the blade on top of the pane] and using 
the rod as a lever to move the pointer 
of a filament resistance. It will be found 
that if the lever is simply lifted, the move- 
ment imparted to the knob will be very 
small, thus providing ne tuning. ~ 

The most convenient methed of making 
this lever consists of first cutting the 
blade to a taper shape and cleaning off 
the edges. An ebonite rod, 4 in. in dia- 
meter and 9 in. in length, has a slot cut 
in the end with a hack-saw, as shown in 
Fig. 2. The blade is then inserted into the 


slot, two holes drilled through the cbonite, 
and the blade secured by careful riveting. 
The method of using this vernier lever 
for the fine tuning of a condenser dial 
is shown in Fig. 3, the end of the blade 
being inserted between the dial and the 
panel and the lever twisted. Thus a very 
small motion is imparted to the condenser 
knob or dial, and tine tuning results. 
Another type of detachable vernier 
arrangement, illustrated in Fig. 4, has 
a long ebonite rod provided with a rubber 
disk at the extremity. This is inserted 
into a bushed hole on the panel in such a 
way that the rubber disk bears against 
the rim of the condenser dial, so that 


SIMPLE VERNIER DEVICE 
In this device a tapered brass blade is 
employed which enables a very fine adjustment 
to be made 


Fig. I. 


by slowly rotating the vernier a very 
small amount of motion is imparted to 


` the condenser. 


The bushes are casily made up from 
terminal nuts, which may be shouldered 
and pressed firmly into holes drilled and 
counterbored in the panel, as shown in 
Fig. 5. These should be placed at such a 
distance from the rim of the dial that 
the rubber disk or wheel will press firmly 
against the latter. The components of the 
vernier handle consist of an ebonite rod 
about 9 in. in length, and one end should 
be drilled and tapped tor a piece of screwed 
rol which is fitted into it. One cnd of 
this screwed rod is turned down so as to 
provide a smooth end. <A solid disk of 
rubber about 1 in. thick and i in. in 
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Pie 

Fig. 2. An ebonite rod has a slot cut init with Fig. 3. How the vernier control lever is 

a hack-saw to receive the metal blade for the used to obtain fine adjustment of a con- 
vernier control denser 


Fig. 4. In this control an ebonite rod with Fig. 5. Here the panel holes are drilled and 
a rubber disk at one end provides fine move-  counterbored to receive the vernier control 
ment of the dial shown in Fig. 4 


FINE ADJUSTMENTS OBTAINED BY USING VERNIER CONTROLS 


diameter is then grasped between washers can therefore be used to control several 
and another nut placed on the end dials, providing they are cut with teeth. 
of the rod and the whole assembled. It will be found quite cflective if the 
A good example of an amateur-mace teeth are cut with a three-square file, as 
worm-driven vernier device is illustrated illustrated in Fig. 7. The notches should 
in Fig. 6. This consists of a simple worm be uniformly sp a ed and of equal depth. 
iormed on the enu of an ebonite rod. A The spacing should be determined with 
‘little angle bracket of brass is attached the aid of a pair of dividers, which may 
to the cbonite panel on the set, and be used to scratch the edge of the dial 
drilled to receive the end of the worm where it is to be notched. 
shaft. Teeth are then cut in the worm The worm can be made from an ordinary 
and the dial, so that when the worm is wood screw by choosing one which is 
rotated the dial is moved a very small compar: atively small in diameter, such 
amount. The worm is detachable, and as a No. 4, about Il in. in length. The 
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WORM-DRIVEN VERNIER CONTROL i 
Fig. 6 (above). Amateur-made worm-driven | 
control which is simple and efficient in use. | 
Fig. 7 (right). Cutting teeth on the dial for. 
control with the worm-driven device es 


pointed end is cut off, and the thread 
filed away to form a peg to fit into the 
hole in the angle plate. The head of the 
screw is then cut off, and the shank 
inserted in the hole drilled in the end of 
the ebonite rod, and fixed thereto by 
means of sct-screws. 

The notches in the rim of the dial are 
greatly improved if the dial be unscrewed 
irom the condenser spindle and arranged 
to rotate on a simple peg. The worm 
is then brought into engagement with 
the notches on the rim of the dial, and 
rotated as rapidly and steadily as 
possible, cither by hand or with the aid 
of a brace and bit. This has the effect 
of smoothing and more accurately shaping 
the teeth of the worm wheel, which will 
result in a much smoother action. See 
Condenser ; Fine Tuning Devices. 


VERTEX AERIAL. The name of a 
patented acrial consisting of a drum-like 
structure built up in sections and covered 
with mesh wire. The example illustrated 
shows the simple way in which this aerial 
may be erected on a pole set upright in 
the ground, or attached to the roof of a 
house. The framework of the aerial is 
of galvanized iron wire. The drum 
measures about 4 it. across and r ft. deep. 

Four insulated cross-bars are connected 
to the frame and are united in the centre, 


attachment to See Aerial; 
Frame Aerial. 

VIBRATION GALVANOMETER. Type 
of galvanometer in which the moving 
clement is adiusted to work or vibrate 
in resonance with the alternating current 
which is being measured. Such galvano- 
meters are the most sensitive means of 
detecting and measuring minute alter- 
nating currents, and, further, they 
are selective 
in the sense that 
they do not readily 
respond to any 
components of the 
current the fre- 
quencies of which 
are not of the 
resonance fre 
queney. 

One of the best- 
known types of 
vibration galvano- 
meter is the Camp- 
bell pattern, 

This pattern is 


the pole. 


illustrated in Fig. I. 
notable for possessing an inductance of 
a low order and a moderate effective 
resistance, while it is readily tuned 
to frequencies between forty and onc 
thousand periods per second. 

The moving element consists of a very 
narrow coil having a low moment of 
inertia, held within the air gap of a 
permanent magnet by a system ot double 
hihlar suspension. The upper portion of 
the suspension system is adjustable by 
rotating a pinion which moves a rack. 


VERTEX AERIAL 


This is a patent form of aerial which may be 
easily erected and has no directional effects 
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VIBRATION 200- 
GALVANOMETER & 
Fig. r (above). In & 40 

this instrument the & 
moving clement is ad- < 100 
justed to vibrate in SŠ 
resonance with the & 50 
A.C. being measured. $ 
Fig. 2 (right). Reso- ° 


0: |= 

nance curve of vibra- 38 99 100 I0 102 
tion galvanometer Cycles per Second 

Fis. 1, Courtesy Cambridge and Poul Instrument Co,, Lid. 


Attached to the rack is a slide-block 
upon which are mounted two phosphor- 
bronze wheels, between which the sus- 
pension rests. Thus the length of the 
suspension may be varied to any point 
within the limits imposed by the rack 
without fear of breakage. 

Further suspension adjustinent is pio- 
vided by which the tension may be varicd. 
The latter motion is applicd to the lower 
suspension. By suitably carrying out these 

adjustments for different supply frequen- 
cies, it is possible to make the instrument 
vibrate in resonance with any of the 
frequencies before mentioned. 

The moving coil itself has a resistance of 
12 ohms, and the suspension has one of 
12 ohms also. Attached to the coil is a 


3 VOLTAGE TESTING 
plane mirror which reflects the light 
through a lens having a focus of ioo 


centimetres. A movable cover is supplied 
with the its trument. 

A curve showing the sharpness of the 
resonance obtained with these instruments 
appears in Fig. 2 The high sensitivity is 
due to reducing the damping to a very 
small amount, and if the full sensitivity 
is to be employed the frequency must be 
kept constant. In cases where this is 
unpossible it will be found desirable to 
dation the resonance curve by inserting a 
suitable shunt in the circuit. Sce Galvo- 
meter; Moving-coil Instruments. 

VIRTUAL VOLTS. Readings of alter- 
nating current values based on the root 
mean square of the average values of their 
electro-motive forces. See Root Mean 
Square, 

VOLT, The unit of clectro-motive force. 
The practical unit of EIM.F. or potential 
difference js the International volt. It 
is defined as being that clectro-motive 
foree which, when steadily applicd to 
a conductor having a resistance of 
one International ohm, creates in it a 
current of one International ampere. The 
potential difference between two points on 
a conductor may be measured in terms of 
the work done in conveying a unit quantity 
of clectricity irom one point to the other. 
In general E W/Q, where E is the 
potenti; ul itaca a in “volts, W the work 
done in joules, and Q the quantity ol 
electricity measured in coulombs. Sec 
Ampere; Electro-motive Force; Ohm; 
Resistance; Units. 

VOLTAGE TESTING OF INSULATORS. 
Method of testing insulators by which their 
breakdown strain may be ascertained. 
The materials of which insulators are made 
must necessarily be tested from time to 
time to ensure uniformity of their import- 
ant cleetrical function. Apart from the 
actual material of which the insulator is 
composed, its shape and the conditions 
under which it is to be used are important 
factors upe which its efficiency depends. 
For instance, a porcelain cylinder with a 
perfectly smooth and plain exterior will, il 
exposed to damp or wet weather, allow 
current to leak around its surface, even 
though no current is. actually passing 
through its body. For this reason insula- 
tors which are exposed to the atmosphere, 
or which have high voltages to contend 
with, are ribbed or grooved on their outer 
surface in order to prevent surface leakage. 


VOLTAGE TESTING 
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When such insulators are under test, it 
is important that the test be made under 
the most adverse conditions that the 
insulator is ever likely to experience. To 
this end, high voltages are applied across 
the insulator under test and at the same 
time water is liberally sprayed upon its 
surface in order that no doubt may exist 
about its insulating properties ` under 
exceptionally bad conditions. See Insu- 
lation; Insulator. 

VOLTAIC CELL. Primary cell in 
which chemical energy is converted into 
electrical energy. Most of the voltaic cells 
are separately described in this Encyclo- 


pedia under their own titles e.g. Clark 


Cell. See also Primary Cell. 

VOLTMETER. An instrument for mea- 
suring the potential difference betwcen 
two points of a conductor. There are many 
forms of voltmeter so far as external 
appearance is concerned. Those principally 
used by the amateur for wireless work are 
often of the watch type, so called because 
the mechanism is enclosed within a case 
similar in appearance to a watch. In 
others, such as that shown in Fig. r, the 
mechanism is enclosed within a polished 
wood case. se 

As a fixed instrument, such as might be 
mounted upon a panel or charging-board, 
a pattern similar to that illustrated in 
Fig. 2 would be very serviceable, the case 
being made entirely of metal, having a 
glazed window for inspection of the pointer 
and dial. Apart from their size, however, 
voltmeters and ammeters are very much 


SMALL VOLTAGE VOLTMETER 

Tig. t. This instrument is used for registering 

small voltages, and is adjusted to shew fractions 
up to one volt 

Courtesy J. J. Griffin & Co., Ltd, 


DOUBLE-.RANGE VOLTMETER 


Fig. 2. In this type of instrument voltages from 
9 to 3 may be measured, or from o to 30, as 
may be required 
Courtesy General Electric Co., Lid. 


alike, the internal construction of these 
instruments being described in this En- 
cyclopedia under the headings Ammeter, 
Hot-wire Instrument and Moving-coil 
Instrument. 

The essential difference between a 
voltmeter and an ammeter is that the 
voltmeter is a high-resistance instrument. 


` This is because the voltmeter has to be con- 


nected in parallel with that part of the 
circuit where the potential difference is to 
be measured. The usual type of volt- 
meter is calibrated to cover a compara- 
tively limited range of voltages. When, 
however, one instrument is to be used to 
cover considerably divergent voltages, 
such, for example, as the requirements 
ol the iow-tension battery, a commonly 
adepted plan is to provide an instrument 
with a series resistance. Means are pro- 
vided, by the use of separate leads, by a 
small switch, or other convenient means, to 
enable one or other part of the circuit to be 
usel at wil. The one part would be pro- 
portioned to read for the lower-range 
voltages, and when the resistance is brought 
inte play the higher voltages can be read. 

A double-range instrument of this type 
is illustrated in Fig. 2. 

It should be remembered that to function 
properly the voltmeter has to be very 
accurately made and well balanced, and 
should therefore be treated with every 
consideration and be preserved from 
mechanical or electrical shocks of any mag- 
nitude. ee Ammeter ; Galvanometer ; 
Hot-wire Ammeter; Moving-coil Instru- 
ment; Wattmeter. 
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VREELAND ARC. Method of ge waaie 
undamped oscillations from a direct current 
supply, due to F. Vrecland. A special 
mercury vapour tube is used, having one 
mercury cathode and two carbon anodes. 
The latter are arranged in paralel through 
choking inductances and resistances and 
an oscillation circuit is connected between 
them. The coils forming the inductance 
in the latter circuit are arranged that their 
magnetic fields cause a direct defle tion of 
the stream of mercury vapour toward one 
or other of the carbon anodes. The oscilla- 
tions are maintained in a steady state by 
the discharge of the condenser through thie 
inductance coils. 

VULCANIZED UBBER. Name given 
to the hard rubber largely used for insulat- 
ing purposes in wireless. See Ebonite ; 
Vulcanite. 

VULCANITE, Name given to hard 
vulcanized rubber, better known in wireless 
as ebonite or hard rubber. In the con- 
struction of the material pure rubber is 
mixed with about one-third of sulphur 
by weight and then heated up to oo F. 
fora considerable time. For wireless pur- 
poses Vuleanite is usually black and is 
supplied in sheets of convenient thickness. 
The outer skin often has poor insulating 
properties and in the construction of wie- 
less instruments is best removed. This 
may be done by rubbing the surface on 
either side with es or emery papcr, as 
described under the heading Ebonite. 
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W. This is the chemical symbol for the 
metal tungsten, largely used in wireless for 
filaments of valves and for electrodes of 
spark gaps. See Tungsten. 

WANDERING. The alteration of ap- 
parent direction of received signals due to 
changes not caused by cither the trans- 


WANDER PLUG 


mitting or the receiving station. See 
“ading. 

WANDER PLUG. Name given toa 
small metallic plug usually Htted with an 
T handle or knob. Some types ol 

pander plugs are illustrated in Fig. 2. 
The plug end is usually tapered and has a 
saw-cut along the lien portion, thus 
assuring a good tight Ht into its socket. 


PANEL WITH PLUGS AND SOCKETS 
Fig 1. Wander plugs and sockets are fitted 
to this pane! for case of alteration in circuit 
arrangements 
i 


WANDER PLUGS FOR USE IN WIRELESS SETS 


Fig. 2. Above is shown a group of wander plugs such as are largely used in wireless in connexion 
with tapped high-tensicn batteries. A black plug is used jor the negative and red for the 
positive tappings 


WANDER PLUG ` 
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The plugs illustrated to the outside left and 
right have a solid knob having a screwed 
hole into which the plug portion screws. 
The connecting wire is twisted round 


between the pair of brass washers. In the’ 


central wander plugs in the illustration the 
knob in each case is hollow, and permits 
the connecting wire to pass through the 
hole. : 

The wander plug is largely used with the 
high-tension battery for rapidly selecting 
the required value of potential. Another 
and similar use allows the correct adjust- 
ment of grid bias to a valve. A convenient 
method of obtaining this is illustrated in 
Fig. 1, which shows a valve panel arranged 
for usc with plugs and sockets. See Plug ; 
socket. 

WASHERS. Name-given in wircless to 
the flat ring, of metal, ebonite or other 
material placed between a nut and the 
surface against which the nut is tightened 
for obtaining a required effect. In wircless 
the washer is largely used, and in many 
different connexions and for varigus pur- 
poses. One important application is its 
use as an insulating washer between two 
electrical conductors. A common usage irf 
this direction is with insulating terminals 
secured to a w6od or other scmi-conduct- 
ing panel, where a washer of 
ebonite, celluloid or mica is 
placed between the terminal 
and its point of contact with 
the panel. 

The spacer washer is exten- | 
sively used in wireless in the 
construction of the variable 
condenser. In this case the | 
washer is of a definite thick- 
ness, and spaces cach adjacent 
pair oÍ condenser plates. 

The spring washer usually 
consists ol a phosphor-bronze 
spring used on the spindles of 
moving parts such as filament 
resistances and variable con- 
densers. See Air Condenser ; 
Spacer Washer. 

WATT. Unit of electrical 
power. It is the equivalent 
to the work done at the rate 
of one joule per second. A 
kilowatt is a thousand watts, 
and 746 watts equal one horsc- 
power. The commercial unit 
of electric work is the watt- 
hour. It is the work done 
in one hour by a current of 


Fig. r. 


one ampere flowing between two points 
of a conductor having a difference of po- 
tential of one volt. One watt-hour equals 
3,600 joules = 2,654 foot-pounds. This 
unit is too small in practice usually, and 
the legal unit of electrical energy is the 
kilowatt-hour or Board of Trade (B.O.T.) 
unit, sometimes called the kelvin, equal 
to 1,000 watt-hours. See Joule; Units. 

WATTLESS CURRENT. When a cir- 
cuit is so inductive that the A.C. current 
lags practically go°, or when the circuit 
has such a capacity that the current leads 
practically 90° over the volts, the current 
is said to be a wattless current. 

At any instant the power = E.C. cos é 
watts, where E is the pressure in volts, 
C the current in amperes, and ¢ the angle 
ot lag or lead. If $ is go’, cos ¢ is zero. 
The net work done in the circuit is zero 
except on account of the resistance. Watt- 
less currents do no useful work, though 
the current still flows in the circuit. 

WATTMETER. An instrument for in- 
dicating in watts the rate at which elec- 
trical cnergy is being consumed in any part 
of a circuit at anv particular instant. In 
direct current work the wattmeter finds 
little application, for the measurement of 
power or watts becomes simply a inatter of 


SUMPNER WATTMETER 


With the Sumpner wattmeter a quadrature trans. 
former is always used. 
in the smaller cabinet on the right 


In the illustration the latter appears 
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A.C. AND E.M.F. CURRENTS 
Fig. 2. In this diagram the lag of the E.M.F. 
behind the alternating current is illustrated 


multiplying the amperes by the volts, as 
shown on an ammeter and voltmeter. In 
» alternating current work, however, this 
simplicity does not obtain, for it is very 
seldom that the pressure (volts) is in phase 
with the current (amperes), and the angle 
by which the current lags or leads with 
respect to the pressure must be taken into 
consideration. I 
This condition is illustrated in Fig. 2, 
where the curves of an alternating current 


DETAILS OF THE WATTMETER 


Fig. 4. This instrument is due to Dr. Sumpner, 

and is one of the best-known and most widcly 

used wattmeters for measuring the rate at which 
energy is being consumed 


Air Gap 


Moving 
Coil —— 
Laminated 
Core 
SUMPNER WATTMETER THEORY 
Fig. 3. This illustration portrays the working 
parts and the principle of the action of the 
Sumpner wattmeter 


and clectro-motive force are plotted out 
together on a time base. They are shown 
with the current lagging behind the pres- 
sure, which is the condition generally found 
in normal A.C. circuits. Assuming that in 
the circuit which is here diagrammatically 
portrayed a voltmeter gave a reading of 
roo and the ammeter 5, then the “ appar- 
ent” watts are 500. This is the number 
of watts that are actually being generated 
by the alternator, but it is not the number 
that are actually being consumed by the 
load on that circuit. The latter valuc, 
which is the one desired, is shown in the 
diagram by the linc A B, which is a line 


x $ 
Non-inductive Resistance 


Q000 


Field Wiring 


ko cs Joes 


Pp... 


+ 
Quadrature Transtormer 
WIRING OF THE WATTMETER 
Fig. 5. This diagram shows the wiring of the 
Sumpner wattmeter shown in Fig, r, and is 
self-explanatory 
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Vig. 6. This example registers up to 1000 kilo- 
watt-hours at a maximum of 19 amperes and 
200 volts 
*Courtesy Ferranti Ltd, 


drawn vertically through the ampere and 
volt curves, and crosses both, therefore, at 
the point where one is assisting the other. 

If the true watts are to be ascertained, 
it is essential that an instrument be used 


INTERIOR VIEW 


Front interior view of the Ferranti 


Fig. 7. 
integrating wattmeter, showing the 
magnet and control magnets 

Courtesy Ferranti, Lte. 


electro- 


which itself takes the power factor into 
consideration and indicates the “ true” 
watts and not the “apparent” watts. 
The latter figure is always in excess of the 
former, and the power lactor can never 
exceed the value of r, and is usually -7 
or ‘8, 

An early form of instrument that 
functioned as a wattmeter was the Kelvin 
electrostatic balance. This was of prac- 
tically no commercial importance as a 
measuring instrument, and required calcu- 
lation after obtaining readings to ascertain 
the measurements required. 

One of the best knowh ayd widely used 
commercial indicating %wattmeters of to- 
day is that invented by Dr. Sumpner and 
manufactured by the General Electric 


QUADRATURE TRANSFORMER 

Fig. 8. Internal construction of the quadrature 

transformer as uscd with the Sumpner wattmeter 
is shown here 

Courtesy Generel Electric Co., Lid. 


Company. This is illustrated in Tig. I 
in the form of a portable instrument, while 
a circuit diagram appears in Fig. 5. In 
Fig. 3 is given an explanatory diagram of 
the mechanism of this instrument, and this 
illustration and Fig. 4 should be studied 
together. Referring, now, to Fig. 3, it is 
clearly shown that between the poles of a 
peculiarly shaped electro-magnet a moving 
coil, wound upon a light rectangular former, 
swings. The core of the clectro-magnet is 
laminated, and it carries at its upper ends 
two windings, one on each limb. A 
pointer is attached to the staff of the mov- 
ing coil, and both swing together. Control 
is effected by: the usual phosphor-bronze 
hair-springs, but these have not been shown 
in the diagram, Fig. 3, for the sake of clarity, 
although they appear in Fig. 4. 


t 


“a quadrature transforrner. 
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When this instrument is used as a watt- 
meter the field windings of the electro- 
magnet are connected directly across the 
mains, while the moving coil forms part of 


. a closed circuit, which includes also a non- 


inductive resistance and the secondary of 
_ These con- 
nexions are clearly indicated in Fig. 4. 

The quadrature transformer forms part 
of the essential equipment of the Sumpner 
wattmeter, and is illustrated connected 
to the instrument in Fig. 1, a turther 
illustration, showing its internal construc- 
tion, appearing in Fig. 8. For the correct 
operation of the wattmeter it is essential 
that the current in the moving coil 
circuit be strictly proportional to that in 
the main circuit and in quadrature with it, 
and it is to satisty these conditions that the 
quadrature transformer is used. [n the 
design of this transformer a long air gap 
is introduced between the central limbs 
of the E-section iron laminations. The 
net result of this feature is to bring the 
magnetic flux to be practically co-phasal 
with exciting ampere-turns. 

An air-cored transformer would, of 
course, fulfil this condition, but the iron 
core plays the important parts of reducing 
the magnetic reluctance of the circuit 
and thereby reducing the size of the 
instrument (important for portability), 
and also of shiclding the windings from 
stray magnetic fields. The moving coil 
of the wattmeter has a resistance whose 
value is such that its self-inductance may 
be considered negligible, therefore’ the 
current in the secondary circuit of thie 
transiormer (to which the moving coil is 
connected} will be co-phasal with the 
electro-motive force, and therefore in 
quadrature with the main current. 

There are actually four primary wind- 
ings, each individually connected to the 
terminalsron the upper panel, while there 
is only one secgndary. The primary 
windings should be selected according to 
the different current values in the main 
circuit, directions for their coupling being 
given on the blue print inside the lid of the 
instrument. 

With regard to the design of the watt- 
meter itself, there are three conditions 
which must be fulfilled. These are: 

(1) The field of the magnet within the 
air gap must be uniform throughout the 
whole working range, and to this end 
yery precise manufacturing methods must 
be used. 
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(2) The resistance drop in the field 
winding must be sufficiently small to allow 
the counter electro-motive force to be 
practically equal to the P.D. 

(3) The field at any point within the gap 
- be strictly proportional to the total 

ux 


Wattmeters of the type described 
possess considerable advantages over other 
systems (such as the electro-dynamometer) 
in that they are substantially’ independent 
of mi v, wave-form and external 
magnetic filds. On the other hand, they 
are not adaptable to range- extensions by 

the application of external apparatus or by 
alte ring internal connexions. 


The instrument illustrated may alter- 
natively be used as a voltmeter by the 

simple expedient of using different con- 
nexions and rotating the Knobs shown on 
“the lower panel ot the instr ument to their 
other position. The latter adjustment 
causes an internal switch to move, and 
alters the connexions within the instrument 
to contorm to the purpose indicated. 
Figs. 6 and 7 show the Ferranti integrating 
wattmeter. It registers up to 1000 kilo- 
watt-hours, with maximum amperes of 10 
and a voltage of 200. Fig. 6 shows the 
external view and Fig. 7 the view of 
the front with the case removed. See 
Ammeter; Electro-dynamoncter ; Power 
Factor: Voltmeter. 

WAVE-LENGTH. The distance be- 
tween corresponding phases of consecutive 
Waves in a wave train measured m the 
direction of propagation at any instant. 

The wave-lengths and frequencies of 
the most important ether waves are 
given in the table below. See Frequency : 
Waves. 


Ray or Wave | Lrequency Wave-length, 
a Bi dD 
EE, (ee PES, 


Gemma rays 3% To eycles| 00000001 mm. 


X-rays 47x TOP | 0000038 mm. 
Ulrra-violet rays} 3x 0° » | 0001 mm, 
Violet ight rays} 8°33 x 10!! 700036 MM. 
°> À a fa ” ç 
Blue fe Goxroll |, | -ooo45.4 mm. 
Green “a @ extol! , | -ooogg mm. 
Yellow A 51X roO! |, | 000558 mm. 
Orange 4'6ox1ol |, | 000052 mm. 
Orange-red . 38x rot, ] 000750 mm. 
Red 217x rO! |, | -ooo8 mm. 


Intra-red Down to Imm, 
W,T Waves 6x10° ,, | so metres to 

to 2x ro! 30 kilometres 
in common usc. 


v 
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WAVE- METER : 


ITS THEORY AND CONSTRUCTION 


How to Use and Make Instruments which Help Accurate Tuning 


To the wireless experimenter the wave-meter is a most useful instrument and a 


knowledge of its principles is invaluable. 


Full details for the construction of a 


wave-meter are included. Reference should also be made to the heading Waves, 
and to such cognate headings as Broadcasting; Frequency; Transmission, etc. 


A wave-meter is an instrument tor 
measuring wave-lengths. Belore passing 
to the construction of wavc-meters and 
the methods Ased it is important that the 
relationships of velocity, frequency and 
wave-length should be fully understood. 
In the first place, electro-magnetic waves 
travel through the ether at the speed 
of heht, which is 3 SQ 10! centimetres 
per second, or approximately 186,000 miles 
per second. The field formed by these 
waves possesses a rhythmic character, 
having a certain definite frequency, the 
Jatter depending on the characteristics of 
the oscillator by which they are generated. 

It is apparent that no useful purpose 
is served if the wave-length of the waves 
through any oscillatory circuit is ascer- 
tained, but on the other Gand, H the 
frequeney by which the waves are pro- 

pagated at the 
oles of tians- 
mission is found, 
the knowledge is 
of considerable 
utility, for bv 
that means the 
wave-length may 
be ascertained 
with reference to 
a fixed known 
standard of velo- 
city. The sim- 
plest method of 
effecting this is to 
utilize the induc- 
tive properties 
of the oscillatory 
circuit through 
NRS which signals of 

ou _ unknown wave- 
i length are pass- 
ing to imduce 
wavesol asinilar 
character in a 
wire whose 
length mav be 
MARK IV WAVE-METER varied until a 
Fig. I Panel view of the Stale ie atin 
Government Mark IV wave- ANC C exists be- 
meter. It is avery useful tween the two 
experimental instrument — circuits. € 


Obviously this system has many practi- 
cal linitations, chiefly on account ol size, 
and this drawback has led to the develop- 
ment of other types. . 

Most forms of. wave-meter, as the 
¿X-Governinent Mark IV instrument illus- 
trated in Fig. 1, have a buzzer to provide 
an audible signal. The particular wave- 
meter illustrated is a three-rangc instru- 
ment, and gives direct readings from 100 
to 2,900 metres. These different ranges 
are obtained by switching in or out a 
series of fixed inductances arranged with- 
in the cabinet. The switch which operates 
these changes js shown’ to the lett of the 
top o! the panel. A carborundum detector 
is fitted, and operates without the use of a 
potentiometer. The detector is simple in 
construction, a steel strip making contact 
on the crystal, and adjustment being 
cflected by screwing up or down a small 
knob. 

On the extreme right of the panel, 
the top, is the buzzer. This is of the high- 
frequency type, and emits a note of a very 
high pitch and pure character. It is 
de signed to work for long periods without 
change of pitch and quality, and works 
well off a single dry cell. To the left of 
the buzzer is another switch, by which it is 
possible to arrange the instrument to work 
with a transmitting or receiving set. 


The terminals below the buzzer connect 
that component to the battery, while 
those at the bottom of the panel connect 
to the telephones. A similar commercial 
buzzer wave-meter is shown in Fig. 2. 
This type of wave-meter is very simple to 
usc, its operation, in conjunction with a 
receiver, being as follows. 

First of all place the wave-meter in 
some position near to the tuner of the 
receiver and start the buzzer into action, 
Do not connect the telephones to the wave- 
meter, but keep them on Es receiver, 
lt is now possible that the buzzing will 
be heard faintly in the receiving tele- 
phones, but whether this occurs or not, 
rotate the wave-nicter condenser until 
it is heard at a maximum. This point 
will be found to be very sharply defined 


and readily distinguishable. 


ay 
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DUBILIER TYPE WAVE.METER 
Fig. 2. This illustration “hows a commercial 
type of wave-meter suitable for broadcast 
wave-lengths 
< 

Should no maximum occur at all, but 
the buzzing be hcard at about the samc 
intensity throughout the whoie period of 
condenscr rotation, it is an indication that 
the wrong scale is in use, 
and that the switch which 
controls the ranges must be 
moved to another position. 

When the maximum buzzer 
note has been heard, the 
reading at which it occurs 
will indicate the wave-length 
to which the receiver is set, 
for it shows that the two 
circuits are in resonance. 
Greater accuracy will result 
if the meter is placed suffici- 
ently far away from the re- 
ceiver to give the faintest 
audible buzz, for by this 
means the maximum will be 
more sharply defined, and no 
doubt will occur at which 
division on the condenser the 
optimum point occurs. 

A useful function of the 
wave-meter lies in tuning a 
receiver to any desired wave- 


the receiver. This obviates 


it is reqtired to receive, and makes only 
fine tuning necessary. The wave-meter is 
put into the “send” position, and con- 
nected to a suitable battery for operating 
the buzzer. The dial is then turned to 
the wave-length reading required and left 
with the buzzer in operation. The re- 
ceiver is then tuned in the manner pre- 
viously described until the transmitted 
oscillations of the buzzer are received at 
an optimum point. 

With the wave-meter, the maximum 
and minimum wave-lengths of a receiver 
or inductance can be measured. Fig. 3 
shows the lay-out required for obtaining 
the wave-length range of a variomceter. 
The wave-metcr is set into operation in 
the manner employed in the last test. 
The variometer is connected in series 
with a crystal detector and a pair of tele- 
phones to form a closed circuit. Having 
obtained a good spot on the crystal, 
the wave-meter dial is rotated until the 
buzzing is heard at an optimum point. 
By simultaneous adjustment of the 
variomeier and wave-meter controls, the 
optimum buzzing point can be regulated 
to the maximum and minimum limits of 
the variomcter. 

To find the fundamental wave-length of 
an open outdoor aerial two operations are 
required. The first determines the natural 


rags I WAVE.METER TEST 
length within the range of Fig. 3. Here the experimenter is seen testing the wave-length 


range of an ordinary variometer with a wave-meter 
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WAVE.-METER TEST FOR AERIAL 
Vig. 4. In this photograph is shown the method 
of ascertaining the wave-length of an outdoor 
aerial, using an inductance coil of known wave- 
length. Note the connexions 
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wave-length of an inductance coil, in the 
manner employed for the variomcter. 
The acrial and earth are connected to 
either side of the inductance, as shown in 
Fig. 4, and a fresh reading with the 
wave-neter taken. The difference between 
this reading and that of the coil itself 
gives the fundamental wave-length of the 
aerial and carth system, 

Another use for the wavc-meter is as 
a wave trap, where advantage is taken 
of its tuning elements. The buzzer and 
crystal detector are not required, and 
are omitted from the circuit. One applica- 
tion is illustrated in Vig. 5. In this the 
aerial and earth terminals of the receiving 
apparatus are connected across the wave- 
incter to form a parallel circuit. 

An essential feature with all wave-meters 
is that they should remain absolutely 

,* 
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constant and stable, as regards 
their amounts of inductance, 
atter they are once calibrated. 
To this end the inductances must 
be wound on formers of con- 
siderable mechanical strength 
in order that the effects of heat 
and damp will not cause warp- 
ing and shrinking. A slight 
variation in shape will cause 
serious alterations in values. 

The heterodyne wave-meter 
consists essentially of a 
valve oscillator having vari- 
able inductive and condenser 
components. By adjusting 
these values it is possible 
to make the circuit oscillate 
at any desired frequency be- 
tween the limits imposed by 
the inductive and capacitative 
quantities. 


USED AS A WAVE.TRAP 
lig. 5. Where interference from an unwanted 


transmitter is experienced the wave-meter may 
often be used as a wave -trap 
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EXPERIMENTAL LAY-OUT 
Here is shown the lay-out required to tune a receiver 
to a definite wave-length of oscillation emitted from the wave- 


Fig. 6. 


meter. Note the connexions here also 


The wave-meter circuit is made to 
function and the condenser rotated until 
the well-known heterodyne whistle 
heard in the telephones. The condition of 
resonance between the two circuits 
indicated when the “nul” or silent point 
between descending and ascending whistles 
is obtained. An illustration of this form 
of wave-meter appears under the heading 
Heterodyne Wave-meter. 

The main components required in the 
construction of a send and receive 
wave-meter include a duo-lateral coil, a 
crystal detector, a high-note buzzer, and a 
variable condenser of ‘oor mfd. capacity. 
The variable condenser should be of the 
best quality, as an inferior make may tend 
to change its capacity atter it has seen con- 
siderable usage. The buzzer used should 
be selected for its high and constant note. 

The completed wave-meter operating in 
conjunction with a receiving set is illus- 
trated in Fig. 6. A substantial box fitted 
with a hinged lid, and with the right side 
of the box also hinged, is required. This 
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CIRCUIT DIAGRAM 
Fig. 8. Wiring of the home-constructed wave- 


meter is carried out as here. This should be done 
in heavy-gauge wire 


should be made from 3 in. 
prepared wood to the sizes 
given in Fig. 7. As shown in 
this illustration, the buzzer is 
secured to the inside of the 
hinged side, which is kept 
closed by means of a brass 
right-angle bracket screwed to 
the top of the front side of 
the box. A hole is drilled and 
tapped into the bracket on the 
side in contact with the hinged 
side. When the bracket is in 
position the hinged side is 
closed and a pencil mark is 
made corresponding to the 
hole in the bracket. A hole 
of clearance size is drilled 
over this mark, and permits 
a screw to pass through from 
the outside of the box. This 
screw may be made from a 
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CABINET FOR THE WAVE-.METER 


Fig. 7. The experimenter who wishes to construct 


a wave-meter at home will find the 
dimensions of the case here 


leading 


contact stud, through the head of which a 
short bar of stout brass wire is soldered. 
The position of the bracket and the screw 
used are also shown in Fig. 7. 

A panel of ¥ in. ebonite is cut and 
made a tight tit to the inside of the box. 
All Joints should be as dust-proof as pos- 
sible to obviate the possibility of alteration 
of the value of the components. To the 
extreme left of the panel as it fits into the 
box with the lid at the back an acrial and 
earth terminal are placed te the back and 
front of the panel respectively. At the 
opposite end two terminals are required for 
connexion of the battery operating the 
buzzer and also for telephone terminals 
when the instrument is determining the 
wave-length of a transmission. To the left 
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s WIRING COMMENCED SECOND STAGE IN WIRING 
Tig. o. Here the tuning components are Vig. 10. At this stage the instrument is com- 
connected to the centre contact: of the switch pleted as e means of measuring transmitted 
anl crystal detector wave-lengths | 


of the penel the variable condenser 1s 
attached. A miniature double-pole double- 
throw switch is secured to the right of the 
condenser, which brings the switch about 
central to the pancl. A good quality crystal 
detector is mounted to the right side of 
the switch, behind which the coil holde 
for the duo-latcral coil is placed. 

The wiring, which is carried out to the 
circuit diagram given in Fig. 8, should be 
effected with thick gauge wire, care being 
taken to sce that it is quite rigid and Sree 
from vibration. The first part of the 
wiring is shown in Fig. o, where the aerial 
and earth terminals are connected to 
either side of the condenser, the coil holder 
and the centre studs of the switch. 


WIRING COMPLETED 
Fig. ai. In this illustration the wiring is 
finished, the flexible leads connecting 10 the 


buzzer on the hinged side of the case The next wiring operation completes 
ous the wave-meter for deter- 
i x mining the wave-length of a 


a ` station transmitting. Used 
m this way the instru- 
ment is simply a crystal 
receiver in which the variable F 
condenser is used for deter- 
mining the wave-lengtli of the 
station being received. The 
terminals to the right of the 
panel, as it normally fits 
inside the box, are uscd for 
attachment of the telephones. 
This stage of the wiring 1s 
shown m Fig. 10. When 
__ š the wave-length of a receiv- 
MATEUR-MADE WAVE-METER IN USE ing set at any particular 
Fig. 12. Owing to the hinged side, to which the buzzer is point of its tuning range 
attached, adjustment is easily accomplisl.cd 1s required, the wave- 
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meter is converted by means of the switch 
into a small transmitter, the oscillations 
of the buzzer being heard in the receiving 
set when they are in resonance with it. 
The buzzer circuit is shown completely 
wired in Fig, Ir, the flexible leads being 
attached directly to the buzzer terminals. 
It will be seen that the hinged sicle forms 
a convenient means for adjustment of the 
buzzer. In the buzzer illustrated the 
locking screw is provided with a wide, 
curved slot enabling the screw to be 
operated by a coin, as shown in Fig.. 12. 


The best way to calibrate the instru- 
ment is to use a wave-meter of known 
accuracy, but if such is not available, the 
constructed wave-meter must be calibrated 
by the reception of transmissions of known 
wave-length. The arbitrary graduations 
on the condenser dial may be removed if 
desired, and the dial recalibrated in 
terms of wave-lengths. An alternative 
plan is to prepare a chart to be pasted 
into the lid in which the existing dial 
calibrations correspond to certain wave- 
lengths. 


WAVES IN WIRELESS WORK AND THEORY 
By Sir Oliver Lodge, F.R.S., D.Se. 


Here the well-known pioneer in the whole art and theory of wireless communication 
explains the fundamental theories and calculations underlying electro-magnetic waves 


and their radiation through the ether of space. 


Sir Oliver Lodge’s introductory 


article on Waves (page iii) should be read in conjunction with this. See also Oscillation. 


A wave is any disturbance which is 
periodic in both space and time. That is 
to say, the disturbance must repeat itself 
at regular interva!s of space, which interval 
is called a wave-length ; and must also 
repeat itself at regular intervals of time, 
which interval is called the period; while 
its reciprocal is called the frequency. 

To take an example. The essential 
part of a corkscrew is periodic in space, 
the spires repeating at regular intervals. 
The distance separating the turns of the 
screw is called its pitch, which might be, 
say, 1 in, and corresponds to wave- 
length. But as long as the corkscrew is 
stationary there is no periodicity in time, 
and therefore nothing that corresponds to 
a wave. But now let the screw be steadily 
rotated with a certain frequency, say 
three times a second. The period is one- 
third of a second, and the turns of the 
screw will now be advancing with a given 
wave-length, 1 in., and a given period. 
The speed with which they advance will 
be the wave-length multiplied by the 
frequency, that is ł in. per second. It 
is easy to generalize from this example, 
and to say 

v = Nd; Or, X = UT ; 
where v is the velocity of advance, n is 
the frequency, which is the same as 1/T, 
the reciprocal of the time-period ; while 
\ is the wave-length. 

The simplest equation representing this 

kind of doubly periodic disturbance is 
y = asin (qx — pt), 

which means that the disturbance y is 

propagated along the axis of x with the 


D 27 


velocity v = p/q; the wave-length being 
X = 2rlg, and the period T = 2z/p. 
The frequency, of course, is p/2r ; while 
a is the amplitude or semi-diameter of 
the corkscrew, representing its departure 
from the straight, the square of which in 
real wave motion, such as sound or light, 
represents the loudness of the sound or 
the brightness of the. light. 

The wave equation may also be con- 
veniently written thus 


- 27 
y = asin — (x — vt) 


“where the chief constants explicitly 
appear; and the frequency is v/a. 

The process of wave-propagation can 
be seen going on, in rather more com- 
plicated fashion, in the ripples on a pond 
or in the waves of the sea. The actual 
particles are heaving up and down, or 
revolving round and round, without 
locomotion. It is the wave form only 
which is progressive; there is no locomo- 
tion of anything material. And yet 
energy travels along a wave, being trans- 
mitted from source to receiver; as when 
sound produced at one place is heard or 
otherwise quenched at all places within 
hearing distance. + 

The fundamental equation to every 
kind of wave motion, travelling with the 
velocity v along the axis of x, is 

ay _ v2 dy 

d O O da 
And it was the splendid discovery that the 
equations representing electric and mag- 
netic disturbances could be combined into 
an equation of that sort which constituted 
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Fig. r. 
generation. 
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HERTZ’S THEORY OF WAVE RADIATION 
This figure represents one phase of the process of wave 
A dumb-bell oscillator is seen at the centre and 


product of the two ether 
constants—was the speed of 
light. That, then, is the 
equation of wireless waves, 
and of every other kind of 
wave which can exist in the 
ethcr of space—Hertz waves, 
radiant -heat, light, photo- 
graphic rays, X-rays, gamma- 
rays, and all. They all go at _ 
exactly the same pace, 
whether they are several 
miles in length or only a 
million-millionth of an inch. 
They differ in intensity and 
frequency, aud they differ in 
simplicity and complication ; 
but they differ not at all in 
speed. 

The way to generate such 


lines of force already flicked cff are seen at the sides 
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DIFFERENT PHASES OF WAVE EMISSION BY AN OSCILLATING CHARGE 


Fig. 2. 


In these figures the charges are oscillating up and down the rod AB, and the results 


on electric ines of force connecting them are seen. 


Clerk-Maxwell’s Electro-magnetic Theory 
of Light. For by combining electric 
and. magnetic known relations—express- 
ing the facts discovered ky Faraday 
in a most ingeniously comprehensive 
and abstract manner—he arrived at the 
following. (here simplified) equation 


where ËF is any relevant electric or mag- 
netic vector; and this showed him at once 
that electro-magnetic wave propagation 
was possible, and that the waves must 
travel with the velocity 1/,/(uk), where 
k was the electric constant of the ether 
and z its magnetic constant. Maxwell 
thereupon made experiment, and found 
that this speed of electric wave propaga- 
tion—the speed corresponding to the 


waves directly was unknown to Clerk- 
Maxwell, though he knew that from time 
immemorial mankind had ignorantly gen- 
erated them indirectly by making bodies 
het, and that even animals could detect 
some short waves from sun and moon 
by that remarkable instrument, the ey». 
But after Maxwell’s death FitzGerald 
suggested that the oscillations known to 
be produced by a condenser discharging 
through an inductance might excite such 
waves, of calculable wave-length, directly. 
And about 1887 and ’88 Lodge imper- 
fectly, and Hertz much more thoroughly 
and completely, succeeded in gencrating 
and detecting such waves. These waves 
of Hertz were the wireless waves which, 
through the enter prise of Senatore Marconi 
and his co-workers, have now covered the 
world. 
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All that is really essential for their 
emission is two separated capacity areas, 
one charged positively, the other nega- 
tivelv, which are then allowed to spark 
into each other through connecting rods. 
The essential identity of these waves 
with light can be shown, and was shown, 
by repeating with them many optical 
experiments, some form of coherer being 
used for their detection, as expounded 
by Lodge in his book called “ The Work of 
Hertz and his Successors,” published 
first in “ The Electrician ” for June, 1894, 
the said waves having been foreshadowed 
by him near the end of a paper in the 
“Philosophical Magazine” for August, 
1888. 


Hertz’s Application of Clerk-Maxwell’s Theory 


Hertz was not only an experimenter, 
he was able to apply Clerk-Maxwell’s 
theory so as to work out the wave’s 
mode of origin and to exhibit its manner 
of propagation. Hertz’s theory of the 
emission of waves from a radiator or 
transmitter is usually depicted as in 
Pig. 3 

This figure represents only one stage or 
phase of the process of wave generation. 
A dumb-bell oscillator is seen at the 
centre, and the lines of force which have 
already been flicked off it are seen out- 
side. They form closed loops round which 
an electric disturbance is circulating, and 
their magnetic concomitant Mot shown) 
is in loops perpendicular to the paper. 

The whole diagram is a mere section or 
slice of the three-dimensional propaga- 
tion outwards all round the axis, the 
circle is really a sphere. Inside the circle 
lines emitted still more recently are shown, 
and these are inflected so that they are 
soon going to break into two portions, one 
portion expanding outwards, while the 
rest returns to the oscillator. The de- 
tached portion may be likened to a curious 
kind of expanding vortex ring in the cther. 
The place of breaking oft is the crossing 
point of the dotted line. The number of 
receding or restored lines is the same as 
the number of expanding lines, but their 
energy is diminished by that of the de- 
tached -portions. These detached and 
afterwards independent portions carry 
energy out into space, and accordingly 
the original disturbance subsides, unless 
it is supplied with fresh energy. 

These detached and advancing portions 
constitute the electric waves which travel 


with the speed of light, and affect coherers 
and valves when collected by receiving 
aerials. A set of diagrams of all the 
different phases can be drawn, and if 
these are then mounted in a stroboscope, 
or projected in a kinematograph, the 
oscillations can be scen going on, and the 
waves can be seen flicked off at a certain 
distance from the centre and thereafter 
continually travelling outwards as electro- 
magnetic waves. 

Hertz’s working out for the theory of 
the emission of waves from a linear or 
dumb-hell oscillator is very complete ; 
but we can simplify it, in the light 
of Poynting’s Theorem, somewhat as 
follows. 

Poynting’s Theorem states that when 
alternating clectric and magnetic lines of 
force, in the same phase, cross or intersect 
at right angles, energy advances with the 
velocity of light in a direction perpen- 
dicular to both, and of an intensity pro- 
portional to their product. The sense in 
which this wave energy advances, whether 
in the positive or negative direction, 
depends on the phase relation between the 
electric and the magnetic oscillations ; 
and if the phase of one of them is reversed, 
the direction of propagation is reversed, 
too. 


Poynting’s Hlustration of Wave Emission 


Now think of the earth or a terrestrial 
globe with a conducting rod right through 
it along its polar axis, and then think of 
an electric charge, or of a pair of opposite 
electric charges, oscillating up and down 
this rod. When the positive charge is at 
one pole and the negative charge at the 
other, the line of force joining them is 
something like a line of longitude. This is 
the condition at the end of a swing. When 
the charges are rushing past the middle 
of the rod, it will be surrounded by mag- 
netic lines, which correspond with the 
lines of latitude. On a terrestrial globe 
the lines of longitude and latitude inter- 
sect at right angles, and therefore it would 
seem that we could apply Poynting’s 
Theorem to them forthwith, and say 
that energy advances radially from the 
globe in all directions. Roughly speaking, 
this is true. But looking at the matter more 
closely we find that initially the electric 
and magnetic lines do not intersect, for 
they are not in phase; they start with 
a quarter-pcriod difference, and they 
have to expand before they get into step. 
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The conditions near the oscillator 
are therefore somewhat complicated, and 
the energy pulsates to and fro, first ad- 
vancing, then receding. But beyond a 


certain distance, which is approximatcly a 
quarter wave-length, the magnetic and 
electric oscillations have got into step. 
Thenceforward they will be in the same 
phase, the lines will properly intersect, 


and the energy will advance wholly in 
one direction, namely, outwards along 
every radius of the sphere. But though 
it advances in all directions, its energy is 
not equal in all directions. The radiation 
intensity will be a maximum in the 
direction of the equator and zero in the 
direction of the poles, because it depends 
on interaction of both electric and mag- 
netic forces, and because the magnetic 
force is a maximum at the equator and 
zero at the poles. Consequently the in- 
tensity of radiation will vary with the 
cosine of the latitude. Hence, for effective 
transmission in all directions over the 
carth’s surface, an aerial should be 
approximately vertical. 


Why Short Waves are more Efficient 


Initially the intensities of the electric 
and magnetic forces vary according to a 
complicated law of distance, involving the 
inverse cube and other powers of the 
distance. But beyond a certain range, 
comparable to a wave-length, they have 
settled down to the simple law of inverse 
square; and after that the strength of 
the radiation will follow the usual law of 
cmission of light. 

The same kind of complication, close 
to a source, is true for luminous and all 
other emitters. But whereas in optical 
cases the radiators are exceedingly small— 
indeed of atomic dimensions, so that only 
refined observation can detect what is 
happening in their immediaie neighbour- 
hood—a radiating oscillator or acrial is a 
big thing, and consequently we are able 
to study the pulsations in its immediate 
neighbourhood. And true waves, travel- 
ling altogether outward, do not begin 
until a quarter-wave distance has been 
exceeded. This is the reason why short- 
wave emission is more efficient than long- 
wave. A low-frequency oscillator, such 
as an alternating dynamo, pulsating, say, 
300 times a second, emits waves 100 
kilometres long. Consequently the place 
where true waves originate is about 15 
miles away, where the strength of the 


fields is insignificant ; and accordingly its 
radiation is inappreciable. 


Relation of Intensity to Wave-length 


But if, instead of that, we consider 
an oscillator pulsating three million times a 
second, its waves are only roo metres long, 
and the distance where waves originate is 
less than 30 yards. For a really small 
oscillator, such as Hertz used, the waves 
might be only 3 metres long, or, in extreme 
cases, 30 centimetres. The pulsations are 
then enormously rapid and the power of 
the radiation very great, so great that the 
energy is tadiated away in the course of 
one or two swings, or most of it even in the 
fraction of a swing. That is why, other 
things being equal (which they never arc), 
short-wave transmission is so effective. 

But when obstacles and obstruction have 
to be encountered, long waves are able to 
ignore difficulties which would be fatal 
to short ones. Hence, in practice, there 
always has to be a compromise ; and for 
really long distances long waves are usually 
best; in addition to the fact that a big 
oscillator has more energy at its disposal 
than a small one, though it does not get 
rid of it so quickly. 

The way the intensity or power of the 
radiation depends on wave-length, from an 
oscillator of given size, was worked out by 
FitzGerald in 1883, long before even 
Hertz’s discovery, though Hertz subse- 
quently independently arrived at the same 
result, which may be expressed thus 

4c 0222 
Energy radiated per second = enep 
where Q is the charge accumulated in the 
capacity area at the end of the straight 
vertical rod or wire of length /; c is the 
velocity cf light, & is the electrostatic 
constant of the ether, and à is the wave- 
length. Here we see that the power of the 
radiation is proportional to the square 
of the height of the aerial, and inverscly 
as the fourth power of the wave-length. 
This, applied to ordinary heat radiation, is 
equivalent to saying that the radiating 
powcr of a source is proportional to the 
fourth power of its absolute temperature. 

I simplified this expression for radiating 
power in a paper in the ‘ Phil. Mag.” for 
July, 1889, as follows: Let the potential, 
in volts, to which the upper capacity-area 
is charged be V; let the aerial conductor 
be a straight rod of length / and diameter d, 
and include the necessary spark gap whose 
width represents the potential V. Then 
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calculate log.4f, and call this ;. it is a 


mere number, usually in those days 
between 4 and 6, for the thick rod and 
dumb-bell shape then in vogue, and it is 
seldom more than Io or I2 even now. 
Then the power of the radiation in watts is 
equal to 
y2 
360n? ohms 


All simple emitters, large and small, 
radiate at approximately the same rate 
when supplied with the same spark gap ; 
for the only difference between them is in 
the value of n, which changes but slightly. 
This simple expression for radiating power 
has not attracted attention, for it was 
published before the idea of using such 
radiation was mooted. 


Early Work on Wireless Waves 


A numerical example, given in my paper 
at the same time, is instructive. Let a 
dumb-bell oscillator consist of two spheres 
‘or plates joined by a stout rod and spark 
gap, such that / = 25d; it will have the 


oes l 
characteristic numberlog .. +, equal to 4:5. 


Let its ends be charged to 26,4oo volts 
when the spark occurs which starts the 
oscillations ; then by the above simplified 
formula the dissipation resistance is 7,300 
ohms, and the maximum power of the 
emitted waves will be 96,000 watts or 
128 horse-power. At this rate the whole 
original stock of energy in the small 
oscillator contemplated would be gone in 
the two-hundred-millionth of a second, t.e. 
in the time of 14 vibrations ; but, of course, 
the energy really decreases logarithmically, 
Nothing approaching continuous radia- 
tion could be maintained at this great 
intensity without the expenditure of great 
power; that is why, in 1897, I introduced 
additional self-induction in the joining 
rod, so as to diminish radiation intensity 
in order to prolong it and render exact 
tuning and selective reception possible. 
Even for some of the ordinary single-wire 
acrials of to-day, apart from introduced 
self-induction, when the height is, say, 
4,000 times the diameter of the conductor, 


the value of n or log. -7 ab is only 9-67. 


The capacity area a the top affects the 
amount of energy that can be stored, but 
does not directly affect the rate at which 
it is emitted. 


Given a spark half a centimetre long, 
representing a potential of, say, 12,000 
volts, and given an aerial with n = Io, 
energy is cmitted at the rate of 
(12,000 volts)? _ _ 4,000 watts, or about 

360x” ohms 5 horse-power. 

IÍ we want an expression for the radiat- 
ing power of an aerial of height % in terms 
of a considerable introduced coil-inductance 
L, it is as follows 

aVR, Ven 
or ——— —— 
zck? 90(L/u)? ohms 

If we express both # and L/, in the same 
units, say, in metres, and V in volts, the 
answer will come out in watts as before. 

Thus suppose V = 12,000 volts, h = 
IO metres, and L = to millihenry, so 
that Lla == 1,000 metres; the radiation 
os = 100 = = 160 watts. 

The expression for radiating power can 
be thrown into another form, and cx- 
pressed in terms of the mean current 
flowing in the rod, without reference to 
sign; as measured, for instance, by a hot- 
wire instrument or an clectrodynamometer. 
The radiating power of a dumb-bell 
oscillator—-during its period of spark 
excitation--through the rod of which an 
average circuit of A amperes is flowing, 
is 


power is 


2 
800 x= A2 watts, 


where / is the mean distance between the 
terminal capacity areas and À the 
wave-length. 

For sustained oscillation of an effective 
current A amperes, in an aerial of height 
h, Dr. Eccles cake the radiating power as 


640 £ T x2 watts, 


showing that, BE given current, the rate 
of energy emission is directly as the 
square of the height and inversely as the 
square of the wave-length. 

Those who wish to follow out the whole 
process more in detail will find a summary 
of Hertz's equations in one of the con- 
cluding chapters of Preston’s “ Theory of 
Light.” They will also find some of 
the facts clearly stated in Dr. Eccles’s well- 
informed article “ Wireless Telegraphy,” 
in Vol. II of Glazebrook’s “ Dictionary of 
Physics,” where the diagrams in Fig. 2 
(page 2226) are quoted from Mr. Oliver 
Heaviside’s mode of presentation. 

In these figures the charges are seen 
oscillating up and down the vertical rod 
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A B, and the results, on electric lines of 
force connecting then, are followed through 
half a swing. In No. r the charges are 
separating by reason of their momentum. 
In No. 2 the charges have reached the ends 
of the rod and are reflected down again, 
as in No. 3. In No. 4 Bag are crossing 
in the middle ; and in No. 6 they are at 
the ends again, but inverted. The Fara: 
day lines joining them are like lines of 
longitude, and envelop. the axis A B, 
though only one is shown. They expand 
outwards with the velocity of light, but 
by No. 3 they have begun branches going 
back to the middle, and in No. 5 they have 
begun to form two loops. In No. 6 the 
outer crescent-shaped loop has broken 
away, and thereafter pursues its course 
independently + the inner curve being an 
upgoing electric surge and the outer a down- 
going one, so that the two together appeal 
to any receiving station as a half-wave. 

A succession of such loops, flicked 
off and flymg along with the velocity 
of light, constitutes the Hertzian waves 
which c convey the signals. They very soon 
become practically expanding equidistant 
spheres, . and at great distances are 
practically travelling planes. If the os- 
cillator is halved by carth connexion at the 
middle, only the upper halves of these 
diagrams need be attended to. 

In these, and especially in the more 
complete diagrams, it is possible, with a 
little trouble, to visualize the flicking off 
of true waves at a certain distance from the 
oscillator, which subsequently expand in 
spheres, always advancing with the velocit y 
of light; while near the oscillator it is 
possible to see the lines contorting them- 
selves as the exciting charges move up and 
down, the .cnergy for the most part 
pulsating and some of it returning to the 
oscillator, thereby tending to diminish the 
loss and prolong the swings. 

When instead of a lower capacity area 
the carth is used as one end of the aerial, 
conditions become more indefinite and less 
amenable to calculation, and tuning can- 
not be quite so precise. For obviously 
the conducting power of the earth depends 
on the nature of the soil and on its state of 
moisture. If, however, it could be treated 
asa perlect conductor,the effect of the earth 
would be to reflect the aerial as a similar 
image, and to cut the field of radiation in 
half: so that only the upper half of the 
wave diagrams are effective. The half loops 
then travel with their roots on the perfectly 


conducting surface. This may be ap- 
proximited to on the sea; and it is again a 
question of compromise how far earth 
connexion is hélpful and convenient in any 
given case. An earthed aerial seems more 
likely than an insulated one to collect 
stray disturbances---whether from natural 
causes or from heavy electrical engineering 
operations. 

For early experiments on waves reference 
may be made to Proceedings of the Rayal 
Society. vol. so, page r; and for further 
data about insulated ‘acrials, to the same 
wo:k, vol. 82, page 227. 

WAVE TRAP. A devicé iqëetaonataa 
in a wireless receiving installation for 
eliminating interference from a transmit- 
ting station. The wave trap usually takes 
the form of a tunable inductance shunted 
across the aerial tuning inductance. In 
operation the wave-trap circuit is tuned to 
the exact wave-length of the interfering 
station, while the aerial tuning system ot 
the receiver is carefully tuned to the 
wave-length of the station that it is re- 
quired to receive. Many forms of wave 
traps of this description have two tunable 
circuits, so that interference from stations 
above and below the received wave-length 
may be eliminated. 

A tvpe of wave trap of commercial 
pattern is illustrated in Fig. r, and re- 
quires a variable condenser for fine tuning. 
Of similar construction is the wave 
trap shown in Fig. 2. This instrument 


LISSEN WAVE TRAP 


Fig. 1. Type of wave trap for use on 600 metre 
range reception. No tuning element is used other 
than a ooos mfd. variable condenser 
Courtesy Lissen, Lid. 
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A B, and the results, on electric lines of 
force connecting them, are followed through 
half a swing. In No. r the charges are 
separating by reason of their momentum. 
In No. 2 the charges have reached the ends 
of the rod and are reflected down again, 
as in No. 3. In No. 4 they are crossing 
in the middle ; and in No. 6 they arc at 
the ends again, but inverted. The Paras 
day lines joining them are like lincs of 
longitude, and envelop the axis A B, 
though only one is shown. They expand 
outwards with the velocity c! light, but 
by No. 3 they have begun branches going 
back to the middle, and in No. 5 they have 
begun to form two loops. In No. 6 the 
outer crescent-shaped loop has broken 
away, and thereafter pursue: its course 
independently: the inner curve being an 
upgoing electric surge and the cuter a down- 
going one, so that the two together appeal 
to any receiving station as a half-wave. 

A succession of such loops, flicked 
off and flying along with the velocity 
of light, constitutes the Hertzian waves 
which convey the signals. They very soon 
become practically expanding equidistant 
spheres, and at great distances are 
practically travelling planes. If the os- 
cillator is halved by carth connexion at the 
middle, only the upper halves of these 
diagrams need be attended to. 

In these, and especially in the more 
complete diagrams, it is possible, with a 
little trouble, to visualize the flicking off 
of true waves at a certain distance from the 
oscillator, which subsequently expand in 
spheres, always advancing with the velocity 
of light; while near the oscillator it is 
possible to see the lines contorting them- 
selves as the exciting charges move up and 
down, the .cnergy for the most part 
pulsating and some of it returning to the 
osculator, thereby tending to diminish the 
loss and prolong the swings. 

When instead of a lower capacity area 
the earth is used as one end of the aerial, 
conditions become more indefinite and less 
amenable to calculation, and tuning can- 
not be quite so precise. For obviously 
the conducting power of the earth depends 
on the nature ol the soil and on its state of 
moisture. Tf, however, it coucd be treated 
asa perfect conductor,the effect of the earth 


would be to reflect the aerial as a similar 


image, and to cut the field of radiation in 
halt: so that only the upper half of the 
wave diagrams are effective. The half loops 
then travel with their roots on the perfectly 


conducting surface. This may be ap- 
proximated to on the sea; and it is again a 
question of compromise how far earth 
connexion is helpful and convenient in any 
given case. An carthed aerial seems more 
likely than an insulated one. to collect 
stray disturbances-~-whether from natural 
causes or from heavy electrical enginecring 
operations. 

For carly experiments on waves reference 
may be made to Proceedings of the Royal 
Societv, vol. 5o, page r; and for further 
data about insulated ‘aérials, to the same 
work, vol. 82, page 227. = 3 

WAVE TRAP. A device incorporated 
in a wireless receiving installation for 
eliminating interference from a transmit- 
ting station. The wave trap usually takes 
the form of a tunable inductance shunted 
across the aerial tuning inductance. In 
operation the wave-trap circuit is tuned to 
the exact wave-length of the interfering 
station, while the aerial tuning system of 
the receiver is carefully tuned to the 
wave-length of the station that it is re- 
quired to receive. Many forms of wave 
traps of this description have two tunable 
circuits, so that interference from stations 
above and helow the received wave-length 
may be eliminated. 

A type of wave trap of commercial 
pattern is illustrated in Fig. r, and re- 
quires a variable condenser for fine tuning. 
Of similar construction is the wave 
trap shown in Fig. 2. This instrument 


LISSEN WAVE TRAP 
Fig. 1. Type of wave trap for use on 600 metre 
range reception. No tuning element is used other 

than a ooo5 mfd. variable condenser 
Courtesy Lissen, Lid. 
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COMMERCIAL TYPE OF WAVE TRAP 


Fig. 2. This type by the same manufacturers 
as the example in Fig. 1 is more closely regulated 
by the five-stud switch 
Courtesy Lissen, Ltd. 


incorporates a five-stud switch, and can be 
more closely regulated than the other type 
illustrated. See Interference Eliminator. 
WAX. A semi-solid, paste-like material. 
Waxes used in wireless work are those 


possessing good insulating properties, and 
the chief of these is perhaps paraffin avax. 
This is extensively used for impregnating 
paper and other materials in the construc- 
tion of dielectrics for small condensers, 
and also for filling holes or channels 
containing conductors. 


A variety of other wax-like composi- 
tions are made up, comprising resin, 
shellac, beeswax and the like, often with 
the addition of pitch, tar and bitumen, 


WECO VALVE HOLDERS 


Fig. 1. This holder, used with Weco valves, is 

constructed to minimise inter-electrode capacity 

effects. Notice the marking of the electrodes, 
the two filament leads being together 


these possessing insulating qualities, and 
also to a large extent being moisture- 
proof. They are prepared in various ways, 


Fig. 5 


WECO VALVES 


Fig. 2. Western Elec- 
tric Co.’s type, which 
operates on ‘8 to rI 
volts and °25 ampere for 
the filament and 17-45 
volts for the anode. 
Fig. 3. Mullard Weco 
valve. Tig. 4. “ Pea- 
nut” type of Mullard 
Weco valve. Fig. 5. 
Four-prong adaptor for 
“ Peanut ” Weco valve 


a typical example being the braided 
covering for an insulated conductor. See 
Basket Coil; Coil. 

WEBER. Name given to the unit of 
magnetic flux. Itis the flux produced by 
a current of one ampere flowing through a 
circuit with one henry inductance. The 
name Weber has been largely superseded 
by the term Maxwell (g.v.). 

WECO VALVE. A special small ther- 
mionic valve introduced by the Western 
Electric Co. It is virtually an ordinary 
thermionic valve, but operates at :8 to 
vI volts and ‘25 ampere for the filament, 
and 17 to 45 volts for the anode. It 
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WESTON CELL 


measures about 2} in. in length and 8 in. 
in diameter. [t is admirably adapted for 
all classes of amateur wireless reception, 
particularly when the apparatus is re- 
quired to occupy a small space, and 
has advantages when dry battery operation 
is desired. Several types of this well- 
known valve are illustrated in the previous 


page, and along with these are shown the. 


adaptors specially made for use with them. 
See Valves for Reception. 

WEHNELT ELECTRODE. Name gener- 
ally given to a type of electrode in valves, 
due to A. Wehnelt. Wehnelt discovered 
that the current-carrying capacity of a 
wireless valve was increased by coating 
the filaments with calcium oxide. See 
Dull Emitter Valves. 


WELDING. Method of uniting ferrous 
metals. Welding is adapted in wireless 


work chiefly in the fashioning of iron or 
steel parts for aerial masts and other 
constructive work. 

WESTERN ELECTRIC. Abbreviated 
title of the Western Electric Company, 
Ltd., one of the leading manufacturers 
of electrical and wireless apparatus. An 
example of the thermionic valve manu- 
factured by this firm is illustrated in Fig. r, 
and is known as the L.S.2 valve. The 
arrangement of the plate and grid should 
be noted. Another well-known valve made 
by the same firm is the Weco (g.v.}. 

An adaptation of this small dry-battery 
valve in the form of a two-stage am- 

plifier for a crystal 

pis set is illustrated in 

Fig. 2. This ampli- 
fier is adapted to 
slip into the tele- 
phone compartment 
m the standard 
Western — Electric 
Co.’s crystal receiv- 
ing set. A three- 
valve two-stage am- 
plifier is illustrated 


in Fig. 3. In this 
case three Weco 
valves are used, 


and connexions are 
made in such a way 
that the amplified 
current produced by 
one valve is collec- 
tively dealt with by 


WESTERN ELECTRIC 
L.S.2 VALVE 

Fig. r. This valve is re- 

markable for the shape 


of the anode and grid 
and also the structure of 
the valve legs 


the other two. 
WESTON CELL. 
Type of cell adopted 


TWO-STAGE L.F. AMPLIFIER FOR CRYSTAL SET 


Fig. 2. In this amplifier Weco valves are used. 
The instrument fits the telephone compartment 
of the Western Electric Co.’s receiver 
Courtesy Western Electric Co., Ltd, 


by scientists as the standard of electro- 
motive force, on the recommendation of 
the International Conference of Electrical 
Standards held in London in 1908. 

Fig. I shows the external construction 
of a standard type of Weston cell. It will 
be seen that the whole instrument is 
totally enclosed within a cylindrical brass 


TWO-STAGE AMPLIFIER FOR VALVE SET 


Three Weco valves are used in this set, 
which is a two-stage amplifier 
Courtesy Western Electric Co., Ltd, 


Vig. 3. 


= 
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WET CELL 


casing having an 
ebonite top-plate. 
The latter is fitted, 
in this instance, 
with four terminals, 
as there are two 
cells enclosed, one 
being used as a 
check against the 
other. Inthe centre 
of the top, also, isa 
small hole through 
which a thermo- 
meter may be placed 
in order that an 
accurate check on 
4 the internal temper- 
WESTON STANDARD ature may be taken. 
CELL 


This is a most ini 
Fig. í. This cell has portant point, for 
been adopted by scien- the voltage depends 


tists as thestandard cell tg some extent upon 
with which comparisons RRS 
the temperature. 


with other cells are made 
Courtesy Cambridge and Pau! The interior of a 
Instrument Co., Ltd. a mae a 

single Weston cell 
may be seen by reference to Fig. 2. Upon 
a stamped metal framework attached to 
the underside of the ebonite top is a 
hermetically sealed glass vessel, the shape 
of which approximates to the letter H. 


INTERIOR OF WESTON CELL 


Fig. 2. Interior of the single cell, showing the 

curious H-shaped hermetically seated glass vessel 
attached to the stamped metal framework 
Courtesy Cambridge and Paul Instrument Co., Ltd, 


One of the vertical limbs of this tube 
contains in its lower portion a quantity of 
mercury. The latter is covered first by a 
laver of mercurous sulphate, and secondly 
by a layer of cadmium sulphate crystals. 
In the opposite limb is a small quantity 
of cadmium amalgam covered with cad- 
mium sulphate crystals. Both of these 
tubes have a constriction formed at the 
level of the top of their solid contents, 
so that the upper layers of cadmium sul- 
phate crystals form a kind of taper plug, 
which holds the contents in place. 

The rest. of the interior of the tube, up 
to the levei of the horizontal limb, is filled 
with a saturated solution of cadmium 
sulphate. Silk cord lashing is used to 
secure the tube to the metal frame, and 
connexions to the terminals are taken from 
two leads of platinum scaled into the glass 
tubes near the bottom. The Weston cell 
gives an MJ of ror84 volts at a 
temperature of 20° C. Sce Primary Cell. 

WET CELL. Gencral name given to 
those primary cells in which the electro- 
lyte is a fluid, in contradistinction to 
the dry cell, in which the electrolyte is in 
the form of a paste. The figures show 
the component parts of two well-known 
forms of wet cell. Fig. 2 shows the positive 


ORDINARY WET CELL 
Fig. 1. Here is shown the glass containing vessel 
and the two elements of standard bichromate 
cell. This cell is economical in use provided the 
plate is withdrawn when not in use 
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DANIELL CELL COMPONENTS 

Fig. 2. On the outside are the two electrodes of the cell. The 
porous pot and the glass container shown in the centre complete 
the cel! 


and negative electrodes of an ordinary 
Daniell cell on the extreme right and 
left of the photograph, the glass containing 
jar and the porous pot which is a feature of 
this type of cell. 

Fig. r shows the glass container and the 
two elements of a bichromate cell. This 
type of cell is fully described under the 
heading Bichromate Cell, and full par- 
ticulars are given under the headiñg 
Bichromate Battery of how to make one. 
See Primary Cell; Dry Cell. 

WHEATSTONE, SIR CHARLES (1802- 
75), British physicist. Born in February, 
1802, at Gloucester, he was educated at 
private schools, and on leaving carried out 
privately many expcriments in acoustics 
under the aegis of his father and uncle, a 
musical instrument maker. After some 
years’ study of acoustics he devoted him- 
self to experimental research of various 
kinds, and wrote a number of papers 
for scientific socicties. 

In 1834 he was appointed professor of 
experimental philosophy at King’s College, 
London. Here he demonstrated a method 
of determining by means of a revolving 
mirror the speed of an electric current, a 
highly important investigation which led 
ultimately to the invention of the electric 
telegraph. Wheatstone obtained the co- 
operation of W. F. Cooke, and the two 
brought out in 1837 a patent for an 
electric telegraph. He invented the ABC 
instrument, the automatic transmitter and 
receivers, and many forms ol electrical 
apparatus. He has rightly been called 
the father of modern telegraphy, and it 
is due to his genius and investigations 
that modern telegraphy has become the 
best-known method of communication 
throughout the world. 

Wheatstone carried out many re- 


WHEATSTONE BRIDGE 
searches in sound and light 
as well as electricity. He 
investigated the speed of 
sound through solids, gave 
an explanation of Chladni’s 
figures of vibrating solids, 
and invented the concertina, 
stereoscope, the polar clock, 
electrical chronoscopes and 
a ciphering and deciphering 
machine, among other 
things. 

Sir Charles Wheatstone 
has also been credited with 
the invention of the Wheat- 
stone bridge, but the device 
Was actually invented by Christie, though 
Sir Charles made considerable use of the 
invention, He was made a fellow of 
the Royal Society in 1837, and knighted 
in 1868. He died in Paris on October 
Ioth, 1875. 

WHEATSTONE BRIDGE. Device for 
measuring an unknown resistance by 
means of a known resistance. It consists of 
a*network of six conductors joining foyr 
points, and was invented by S. H. Christie, 
of the Royal Military Academy at Wool- 
wich. Sir Charlés Wheatstone pointe out 
the immense importance of the arrange- 
ment to electricians, and the device has 
come gradually to bear his name, though 
he gave the credit to Christie. 

Fig. r shows the circuit diagram of the 
usual form of Wheatstone bridge. R,, Rg, 
R, and R, are four resistances joined as 
shown at thë poinss A, B, C, D. From B 
to D is a conducting path which can be 
opened or closed by a key, K,, and which 
has a galvanometer in it. From A to © 
there is a conducting path with a battery 
key, Ky. 

Suppose the key K, is open and the 
kev K, is closed. Then a current from 
the battery will divide at A, part of it 
going along A B C and part of. it along 
ADC. There will be a fall of potential 
from A to C, but since in the two branches 
A B Cand A D C the fall is the same from 
A to the point C, there will be a point in 
A D C at which the potential is the same 
as that of a selected point in ABC. Sup- 
pose the point B is selected in A B C, and 
suppose the potential at some point D in 
A D C is the same as that at B. Then if 
the points B and D are joined by a con- 
ductor in which there is a galvanometer, 
no current flow will be indicated, the 
pointer of the galvanometer not deflecting. 
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K2 


Fig. I (left). 
(centre). 
type. Fig. 3 (lower, right). 

Fig. 4 (top, right). 

Now the differences of potential be- 
tween A and B and between A and D are 
the same, since B and D are at the same 
potential; and the differences of poten- 
tial between B and C and D and C are the 
same. So we can write down the following 
equations :— 

P.D. between A and B = P.D. between 
A and D, and P.D. betwcen B and C = 
P.D. between D and C. 

H C,, C,, Cs, Cy are the currents in Ry, 
Ra Ry, Ry respectively, we can write these 
two equations down as 

SR, = GR, 
C R; = CR, 
or, dividing one equation by the other, 
CR, GR, 
CK, GR; 

But the current in A B, i.e. C}, is equal 
to the current in B C, i.e. Cz; and the car- 
rent in À D, C, equals that in D C, Cy, so 
that the equation becomes 

Rok 
R R 

From this equation it is clear that if 
the resistances of three of the arms of 
the bridge are known, the resistance of 
the fourth may casily be calculated, or if 
the resistance of one conductor adjacent 
to the unknown resistance is known, and 
the ratio of the other two resistances is 
known, the unknown resistance can be 
found. The resistances R,* Ro, Ry, Ry are 
generally known as the arms of the bridge 
and D B as the bridge wire. 


It is usual in practice to have the two - 


resistances R,, Ry, called the ratio arms, 
fixed and in a decimal ratio to one another, 
e.g. 1,000 ohms to one ohm, or 10,000 
ohms to roo ohms, and so on, while the 
resistance, Ra the measuring arm, is 
variable, and R, is the resistance to be 
measured. 


CONSTRUCTION AND THEORY OF WHEATSTONE BRIDGE 
Circuit diagram of common Wheatstone bridge. Fig. 2 
How .plugs and resistance wires are used in the Post Office 
Modification known as the slide-wire bridge. 
Adaptation to wireless A.C. 


The unknown resistance is inserted in 
the circuit, and R, varied until the gal- 
vanometer reading is zero, when Ry can be 
calculated. 

A common form of Wheatstone bridge 
is that known as the Post Office pattern, 
shown in Tig. 5. In this well-known pat- 
tern there are a number of coils of known 
resistance arranged so as to form three 
arms of the Wheatstone bridge. The ends 
of the coils are fastened to solid brass 
blocks separated from each other, a por- 
tion of each gap having a circular conical 
hole made in it, into which conical brass 
plugs can be inserted. Vig. 2 will make 
this internal construction clear, : 

When a plug is inserted it is clear that 
that particular resistance coil is cut out 
of the circuit, the current passing from one 
brass block to the next through the plug, 
so that the removal af a plug increases 


rf 
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POST OFFICE PATTERN 


This is the most common type of 


Fig. s. 
Wheatstone bridge. The plugs when taken out 
increase the total resistance 
Courtesy Cambridge and Paul Instrument Co., Ltd, 
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the resistance of the circuit. The coils, it 
will be noticed, are non-inductively wound. 
The top of the box is of ebonite and the 
brass plugs have ebonite tops. In Fig. 2 
the ratio arms consist of eight coils having 
resistances of I, ro, Ioo and 3,000 ohms, 
while the measuring arm consists of sixtcen 
coils with resistances of I, 2, 3, 4; IO, 20, 
30, 40; I00, 200 300, 400; 1,000, 2,000, 
3,000 and 4,000 ohms, so that with all 
the plugs withdrawn there is a total re- 
sistance of 11,110 ohms in this series of 
coils. By withdrawing two plugs in the 
ratio arms any decimal ratio from 1,000 
to r and to 1,000 may be obtained. 
On the left of where the ratio joins the 
measuring arm is the galvanometer ter- 
minal, on the right the battery terminal, 
and below the resistance terminals for the 
insertion of the unknown resistance. 


Fig. 3 shows another arrangement of 
the Wheatstone bridge, often known as 
the slide-wire bridge. Here a uniform 
resistance wire A B C has a sliding contact, 
B, connected to the galvanometer. The 
circuit is identical with that shown in 
Fig. r, and has been lettered in a cor- 
responding wav. By sliding the contact 
B along the wire we can obtain the 
balance when no current passes through 
G, and we get, as before, R/R; = Ry; Rg. 
The ratio R, to R, is the same as the ratio 
of the lengths of A B to A C, so that if 
A B has a divided scale attached to it and 
R, is known, R, may be found. 


Wheatstone Bridge for Wireless 


In wireless alternating currents are used 
and the forms of Wheatstone bridge 
already described could not be used, but 
the bridge is very easily adapted, as shown 
in Fig. 4. Here the battery is replaced by 
a buzzer, which gives an alternating current 
through the arms of the bridge and the 
galvanometer by a telephone. The sliding 
contact, B, is adjusted until a minimum 
sound is heard in the telephones, and the 
unknown resistance is found from the same 
equations as hold good for Fig. 3. 

Instead of the resistances R, and R,, an 
inductance coil of unknown value, X, may 


replace R, and a coil of known inductance, . 


L, replace R, in Fig. 4. When the slider is 

moved until there is a minimum sound 

in the telephones we have the equation 
X/L=R,/R, 

The unknown inductance should be of 

the same order of magnitude as that of the 

known, or otherwise it will not be possible 


in practice to obtaina balance. This result 
is not precise, for the obvious reason that 
it neglects the resistances of the inductances, 
but it is sufficiently accurate for most 
amateur work. In page 1161 is described 
amore accurate form of the bridge, together 
with the necessary formulae for obtaining 
the inductance of a coil from bridge 
measurements. Fig. 6 shows a method 
which may be used by the amateur to take 
account of the resistances. In the arm 
in which are connected the inductance 
coils are inserted variable non-inductive 
resistances whose values are known. 


Obtaining a Balance 


By throwing the buzzer battery switch 
over to the right, the bridge may be 
balanced for resistances using the galvano- 
meter to indicate the position of 
balance. By throwing both switches over 
to the left the circuit is used to balance 
for resistances for alternating current, 
the buzzer and telephones being used in the 
way already explained. The following is 
the actual method of procedure. 

The throw-over switches are thrown 
to bring the telephones and buzzer into 
circuit and the sliding contact adjusted 
for minimum sound in the telephones. 


The switches are now thrown to bring 
the galvanometer and battery into circuit 
and the resistances R, and R, varied, 
keeping the slider in the position already 
obtained until the galvanometer does not 
deflect. Throw over the two switches 
again and move the slider until minimum 
sound is heard in the telephones. Again 
switch the battery and galvanometer into 
circuit and vary R, and R, until a 
balance is obtained with the slider in the 
new position, This procedure should 
be carried out until there is no deflection 
in the galvanomcter on switching it in and 
a minimum noise in the telephones when the 
buzzer is used. The equation 

X/L=R,/R, 
then applies. 

Capacities may be measured by using 
the circuit shown in Fig. 4, the unknown 
capacity replacing R, and a known 
capacity replacing R, If in place of R, 
a variable air condenser is used and the 
slider is set at the mid point of A C, then 
the capacity of the condenser is varied 
until the minimum sound is heard in the 
telephones. The reading of the condenser 
gives that of the unknown capacity 
approximately. 
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MODIFIED WHEATSTONE BRIDGE 


Fig. 6. By means of this form of circuit the 
inductance value of a coil may be accurately 
determined 


The construction of the Wheatstone 
bridge shown in Figs. 3, 4 and 6 is a simple 
matter, and will enable the amateur te get 
a close approximation to the values of the 
various components he may be using in his 
set. The uniform resistance wire mav be 
of any standard material, as manganin. 
It should be connected to large 
terminals mounted on an ebonite panel. 
Underneath should be fixed a scale, 
preferably a centimetre scale. A con- 
venient length for this scale and the wire is 
100 centimetres, and the gauge of the wire 
may be about No. 20. The connexions 
to the terminals should be absolutely 
electrically sound, and the two connexion 
points should be on each terminal to 
connect up to the buzzer or batterv. If 
the connexions are not sound there will 
be an increase in resistance of un- 
known amount, and the accuracy of the 
bridge will be lost. 

The slider may be simply made with a 
small telephone clip to which has been 
. soldered a length of flexible insulated wire. 
Before the wire is finally fixed in position 
the terminal Should be clipped on to it. 
A firm connexien is made by screwing 
down the terminal screw in the usual 
way, releasing it when sliding the terminal 
along the wire. The ordinary dry cell 
will do for the battery, and small buzzer 
sets may be bought, or one made as des- 
cribed in this Encyclopedia under the 
heading Buzzer. An ordinary pair of 
headphones may be used. Tor a standard 
inductance a honeycomb coil may be used 
whose inductance is given by the makers. 
Precision condensers, such as those made 
by the Sterling Telephone Co., may be used 
when testing the capacities of unknown 


B condensers. See Anderson Bridge ; Bolo- 


meter Bridge; Capacity; De Sauty 
Bridge; Foster Bridge; Inductance ; 
Resistance; Resistance Box. 

WHEATSTONE TRANSMITTER, A 
mechanical automatic device operated by 
a punched tape for transmission’ at high 
speed. See High-speed Transmission. 

WHIDDINGTON, RICHARD. British 
physicist. Born in London, November 25th, 
1885, he was educated at St. John’s College, 
Cambridge, and carried out research 
work at the Cavendish laboratory under 
Sir J. J. Thomson. In rorr he was 
elected a fellow of St. John’s College, 
and during the Great War he designed 
a number of the standard R.A.F. wireless 
sets used on aeroplanes and in aircraft 
work generally, After the Great War 
he was appointed professor of physics at 
Leeds University, and a member of 
sub-committee D, on thermionic valves, of 
the Radio Research Board. Professor 
Whiddington has written many important 
papers on electrical subjects. 

WHIPPING. Word used in two senses 
in wireless work. In one application it 
refers to the bending or displacement cf 
a rod or shaft while under load, an example 
being the bowing of an aerial inast or the 
bending of a rotating shaft such as that of 
an armature. In another sense, whipping 
consists of a kind of binding of twine, 
string or wire around a stranded wire 
or cable for the purpose of preventing 
the ends from fraying out. See Scizing. 

WHISTLING. Sound heard in the 
telephones of a receiving set. Whistling 
may be caused by the reaction coil being 
too tightly coupled, and this is one of the 
chief causes. The sound will generally 
cease if the coil is more loosely coupled. 
Whistling noises may also be caused 
through a receiving set in the neighbour- 
hood oscillating, in which case there is no 
remedy until the offender stops. Bad 
connexions, too high a plate or filament 
voltage, body capacity, cte., are all also 
causes of whistling. See Howling. 

WIEN, MAX, German wireless author- 
ity. Born at NKonigsHerg in 1866, he 
studied physics under the famous Helm- 
holtz, and eagerly followed up the experi- 
ments of Hertz. In 18gt he worked with 
Röntgen, and then turned his attention to 
the study of wireless waves. In Igo6 he 
published the results of his researchcs 
on the properties of short spark gaps, 
which resulted in a great advance in the 


WIEN 


WIMSHURST MACHINE 


improvement of spark gaps 
for rapid discharges, since the 
discharge across such spark 
gaps is very rapidly quenched 
out after a few oscillations. 
Wien’s discovery 15 generally 
known as the quenched spark 
gap. 

Professor Wien studied how 
special forms of Geissler tubes 
could be used in series with 
an ordinary spark gap so that 
their resistance rapidly damps 
out the discharge. He de- 
signed several forms of these 
quenching tubes, capable of 
handling very heavy condenser 
discharges without overheat- 
ing. Professor Wien has 
written many articles and 
published many papers on 
the theory and practice of 
quenched spark gaps. 


WIMSHURST MACHINE. 
Name given to a particular 
type of apparatus employed 
for experimental purposes in 
connexion with static electri- 
city. Essentially, the instru- 


REAR VIEW OF THE MACHINE 
Fig. 2. This photograph gives a clear view of the variable 
spark gap fitted with insulated handles, which enables the 
length of the spark to be regulated while the machine is 
being operated 


—— 


Fig. 1. 


WIMSHURST MACHINE 


View ol the machine from the driving side, showing 
clearly details of the collecting arms and the Leyden jars 


ment consists of two insu- 
lated plates set on a common 
spindle and capable of revolv- 
ing at high speeds in opposite 
directions. Around the cir- 
cumference of the plates a 
number of segments of tinfoil 
are pasted. The current in- 
duced between the opposing 
sections in opposite segments 
is picked up by means of 
metallic arms fitted with soft 
brush contacts. . 
Two or more Levden jars 
are usually incorporated to 
glve Intensity to the spark. 
A typical two-plate Wimshurst 
machine viewed from the 
driving side is illustrated in 
Tig. 1, this illustration clearly 
showing the collecting arm 
and the Leyden jars, A rear 
view of the same instrument 
is shown in Fig. 2, and this 
shows the variable spark gap 
fitted with insulated handles, 
so that the length of the 
spark may be regulated while 
the machine is in operation. 


WINDINGS 


2239 


WIRED WIRELESS 


WINDINGS. General term for the turns 
of wire used on many forms of . wireless 
apparatus. Thus the turns-of wire round a 
transformer are often spoken of as primary 
and secondary windings ; in a variometer 
as the rotor and stator windings ; dn an’ 
clectro-magnet as pole windings, etc. 

WINDOW INSULATOR, © V particular 
form of lead-in. insulator. In the Burn- 
dept pattern. illustrated the insulator is 


WINDOW INSULATOR ç 
Two ebonite rods, each having a disk bound with 
rubber, are used in this instilator, which is used 
to bring the lead-in wire through a window- 
pane 
Courtesy Burndept, Lid, 


composed of two ebonite rods, each having 
a disk attached, faced with rubber. A+} in. 
diameter brass. bar. passes through the 
centre and-términates at cither-end with 
lock nuts arid terminals. En use, a small 
hole is drilled through the glass of the 
window pane, the brass bar removed from 
the insulator, passed through this hole, 
and one of the cbonite rods placed at 
cither side of the window, the whole 
being held tight by screwing up the lock 
nuts. See Acrial; Bradfield Insulator ; 
Lead-In. 

WIRE, In wireless work many forms of 
wire are employed. The aerial is usually 
made of multi-stranded wire consisting of 
several strands of copper, bronze, or 
sometimes steel. This is connected to the 
set by insulated wire, which may be single 
or multi-strand, and covered with an 
insulation consisting of cotton or similar 
material impregnated with an insulating 
compound. In the set much of the coil 
winding is carried out with cetton or silk- 
covered tinned copper wire. Alternatively 
enamelled copper wire may be used. The 
internal connexions are otten made with 
bare tinned copper wire square in section. 
For other purposes a flexible wire is better, 
and is imperative for connexions between 
parts that are movable relatively to one 
another. . Flexible wire is usually com- 
posed of a great number of thin strands of 
copper wire covered with insulation. 

Several special forms of wire are 
utilized for specific purposes, such as 
Litzendraht. Wire used for the support of 
anacrial mast, or for other power purposes, 
is gencrally of stranded steel or galvanized 
iron. An example is illustrated. 


` 


Wire is generally sold by gauge numbers. 
The Imperial standard wire gauge is the 
legal gauge in Great Britain. Each size 
differs by a few thousandths of an inch 
in. diameter only, thus offering wide 
choice of size. Details of the various 


-,, sizes, numbers of turns per inch, and 


other information should be found from 
the regular wire tables, sclections from 
which are to be found under their re- 
spective headings in this Encyclopedia. 
“The teru wire is also applied to a 
number of variously sectioned strips of 
metal, such as half-round, oval, flats and 
pinion, all of which are available for 
amateur constructional purposes. Se 
Gauge ; Imperial Wire Gauge. 

WIRED WIRELESS. Name applicd to 
a svstem of transmitting telegraph signals 
or telephony over wires by using high- 
frequency currents and employing wireless 
methods in transmission and reception. 
Ordinary radio transmission uses oscilla- 
tery currents which may be allied to the 
usual single-phase currents used for power 
work, except that they are of a much 
higher frequency. Because of this high 
frequency, conditions obtaining in ordinary 
circuits which are of no importance in 
the lower frequencies assume definite 
importance and have effect on the currents 
travelling through them, and by suitably 
designing the circuits it is possible to 
radiate into free space a certain proportion 
of the current. It is due to this fact 


GALVANIZED WIRE 


Galvanized wire is very useful to the wireless 
experimenter for the staying of aerial masts 
and such similar purposes 


WIRED WIRELESS 


that wireless communication becomes a 
possibility. It is therefore conceivable 
that by arranging the circuit so that only 
the smallest possible radiation obtains, 
the transmission of high-frequency current 
over wires may be effected. 

The simplest and best method of 
obtaining this effect is by connecting the 
output of the transmitting apparatus to 
two parallel conductors, and it has been 
proved that under these conditions the 
radiation will be very small, with resultant 
small losses in the transmitted currents. 
It is important to note that the actual 
conduction of the currents still takes 
place in the ether surrounding the wires, 
rather than in the wires themselves, the 
latter acting as a kind of guiding medium. 


Duplex Wired Wireless 


Experiment has proved that high- 
irequency currents may be transmitted 
over wires carrying either direct current 
or alternating currents of lower fre- 
quencies without one affecting the 
other, and, further, that more than one 
series of high frequencies may be carried 
along the same wires without interference, 
providing that they vary in frequency 
to a sufficiently large extent. 

From the above it is apparent that 
wired wireless offers advantages over 
ordinary low-frequency line communica- 
tion in that “ duplexing” is possible 
by working both a high- and low-frequency 
conversation along it. Apart from that, 
owing to the aptitude of high-frequency 
currents for passing through conditions in 
a circuit which present an almost infinite 
impedance to currents of a low frequency, 
it is possible to convey them to the line 
through such mediums as a very weak 
magnetic coupling or a very small capacity. 
Thus such connexions may be made with 


safety even on lines through which 
enormous clectrical powers are being 
conveyed, always providing that the 


insulation on the connecting medium is 
sufficient to oppose the voltage of the 
ordinary line current. 

“All types of line do not offer the same 
advantages to the carrying of high- 
frequency currents. For instance, iron 
wires present almost insuperable diffi- 
culties owing to the losses due to hysteresis, 
and underground cables are unsuitable 
owing to the large amount of capacity 
present. Obviously, therefore, copper 
conductors carried overhead offer the 
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greatest advantages, although the actual 
ohmic resistance is of little importance. 
As regards the power required, this is 
very small compared with radio working, 
and under favourable conditions, and 
with suitable lines, distances of several 
hundred miles may be traversed success- 
fully with a power of only 20 watts. 

Power lines are, on the whole, to be 
preferred to ordinary oV¥erhead telephone 
lines, because they are of low resistance, 
highly insulated, and do not as a rule 
vary in constants—as, for instance, by 
sudden changes from overhead to under- 
ground and vice versa. 

Again, a disconnexion in a line carrying 
high-frequency currents does not always 
mean complete cutting of communication, 
for radiation and induction will sometimes 
bridge the gap and still allow com- 
munication, but with a lowered efficiency. 
In this connexion it is interesting to state 
that during the course of some tests in 
England over telephone lines running 
parallel to 10,000 and 20,000 volt power 
lines, continuity of conversation was 
obtained without any apparent loss of 
efficiency, despite the fact that one of 
the telephone lines was completely broken 
and lying on the ground for some 170 
yards. So little difference did this make 
to the conversation that the experimenters 
did not notice the event until it was 
peinted out to them. 


Interference not a Serious Matter 


Referring again to the possibilities of 
transmitting more than one frequency of 
oscillations along the same wire, we must 
consider to what extent this may be done. 
In the first place all the advantages in 
wireless of tuning may be used as a means 
of providing selectivity; it is therefore 
easy to sce that interference between 
frequencies is not a serious factor, but at 
the same time there are definite limits to 
the number of frequencies which may be 
simultaneously applied. 

In the first place the human ear cannot 
generally hear sounds above 20,000 cycles 
per second, any sounds immediately below 
that frequency being heard as a very high 
squeak, so that the lowest limit of fre- 
quency which may be used is represented 
by that figure. Again, owing to the well- 
known beat or heterodyne principle, it is 
obvious that all frequencies above that of 
the lowest must be so far above that they 
do not combine and produce any beat 
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note of less than 20,000. , Therefore the 
frequencies must be separated by at least 
20,000 cycles per second, and thus if the 
first were 20,000 the next would be 40,000, 
and the next 60,000, etc. Unfortunately 
it is impossible to carry the frequency to 
too high an extent, for the use of very 
high frequencies results in serious losses 
through attenuation along the line. 

So far, we have considered only that 
portion of the transmission which repre- 
sents the carrier wave. 

The impression of the modulated fre- 
quency upon this is to further complicate 
matters, for the effect of the speech and 
music frequencies is to produce others, 
and in the case of wired wireless the best 
conditions obtain for interference between 
these frequencics, for all are more or less 
similar in intensity. Again, harmonics of 
the carrier waves may easily become 
serious causes of interference. 

Where simultaneous working betwecn 
several stations is in progress, this inter- 
ference may only be avoided by the use of 
filter circuits specially designed for the 
individual circumstance, and these mav 
be applied either between transmitter and 
line or line and receiver. 

As far as the design of the stations is 
concerned, these will be purely standard 
wireless sets of suitable power and em- 
ploying valves, but they must be designed 
to work on the duplex system. The trans- 
mitter will consist of a small motor- 
generator for high-tension supply with 
suitable smoothing cients, the usual 
valve oscillator and modulator circuits, 
batteries and a telephone attachment, 
for direct or remote control. 


Calling-up Devices Employed 


Before conversation may be effected 
the user must naturally start up his ap- 
paratus and generate the high-frequency 
oscillations. In order to obviate the 
necessity for the receiving valves to be 
always supphed with current ready for 
any call, it is necessary to use some form 
of calling-up device. Tor this purpose 
the Marconi Co. have developed an 
electro-capillary tube operating In con- 
junction with a carborundum crystal. 
This tube is mounted upon the beam of a 
most sensitive balance, which, when sup- 
plied with minute rectificd high-frequency 
currents through the crystal detector, 
trips, and in so doing closes a pair of 
contacts connected in a local bell circuit. 
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The receiving operator then may lift his 
telephone receiver off the hook, and the 
two stations are in conversation. 

Some complications ensue, however, on 
the system being extended to more than 
one station. For example, take a scheme 
employing four stations, A, B, C and D, 
where each must be capable of calling and 
speaking with any other. This installation 
might well apply to any power supply 
scheme, where, say, station A might belong 
to the chief enginccr’s office, and the others 
to assistant engineers in sub-stations any 
nuniber of miles away. 


Quadrupiex Conversations 


Under these conditions cach station 
would be given a fixed receiving wave- 
length, say wi, Mb, Xc, Ad, but cach station 
must be capable of transmitting on any 
of the wave-lengths, so that station B, 
for instance, may transmit on àa, Xc 
and dd. 

Let us now assume that A wishes to 

speak to C. The first step A makes is to 
adjust his transmitter to Xc, start up, and 
thus call C. Upon C hearing the call, he 
cannot immediately start up both trans- 
mitter and receiver, for he does not yet 
knew with whom he is in communication. 
He therefore uses his reeciver only until 
he knows who is calling him, and upon 
ascertaining that he adjusts his trans- 
mitter to xa. Both stations are then 
ready for conversation. 
If during this conversation another 
station—B, for instance—wishes to speak to 
A (not knowing that the latter is engaged) 
and starts his transmitter, Jamming would 
be caused. B must therefore first use his 
receiver, and adjusting it to xv, would 
hear C speaking on it. 

On paper this system would appear to 
have manv limitations and drawbacks, 
but in actual practice, on lines where 
privacy is not essential and all operators 
are conversant with the general outlines 
of wircless methods, inter-conununication 
may be carried on with reasonable facility 
and greater certainty then with an, 
ordinary telephone system. 

So far, we have only discussed wired 
Wireless as applied to small private 
systems, but it has a very much larger 
field of utility than this. In some countrics, 
notably America, whole electric hght and 
power installations for public supply have 
been impressed with high-frequency 
currents operated by powerful transmitters 
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and conveying speech and music in the 
form of entertainment. Under such a 
scheme any consumer of the company’s 
clectricity might at any time have the 
entertainment provided by merely attach- 
ing a wireless receiver to the mains by 
means of either a condenser such as the 
“Ducon” (g.v.) or a form of loose 
magnetic coupling. 


In countries where power lines are 
carricd overhead such aschemeis suitable, 
but in countries where practice specifies 
underground systems, the large difficulties 
obtaining through the capacity of lines 
renders the successful application of wired 
wireless for entertainment practically 
impossible. —R. B. Hurton, 

See Broadcasting ; Transmission. 


WIRING: THE BEST METHODS FOR SUCCESSFUL RESULTS 


How to Carry Out an Operation of Great Importance; Fully Illustrated 


In the subjoined article is given a full description of the various methods of wiring a 
wireless set—an operation upon which depends the greater part of the success of 


amateur sets. 


The reader should refer also to the various headings dealing with set 


construction, and to such headings as Coils, Soldering, etc. 


Wiring is an expression applied to the 
process involved in effecting the whole of 
the connexions in and to a wireless trans- 
mitting or receiving set. Provided the 
components are themselves of the correct 
value and correctly disposed on the panel 
and elsewhere, and should reasonably be 
expected to function in the proper manner, 
the whole of the success of the average 
amateur receiving set depends upon the 
care with which the Wiring operations are 
performed. 

In this Encyclopedia detailed instruc- 
tions have been given for the construction 
of the various types of receiving and trans- 


mitting scts, and a large number of 
different circuit diagrams have been 


provided. The following notes apply in 
gencral to all classes of wireless apparatus. 
Naturally, some are more dificult to wire 
than others. This may not be due entirely 
to the oe of the circuit itself, but 
is more gencrally the result of indifferent 
planning when arranging the rotation of 
the various components, or is necessarily 
the result of attempting to 
work the set into the mini- 
mum possible space. 

An ideal arrangement for 
wiring is one in which the 
components are mounted on 
the back of an cbhonite panel 
which is capable of being 
removed from its containing 
case so that the wiring can 
be performed on the work 


bench, and with these con- 
ditions every terminal is 
readily accessible and the 


a : Fig. 1. 
wiring is robbed of much ol i 


its terrors. On the other 


soldering iron and flux, square tinned copper bus bar, 
wire, tinned copper wire and insulating sleeving 


hand, if the set is so placed that some of the 
components are on an cbonite panel and 
others are located within the case, with 
perhaps the tuning coils mounted on the 
top or side of it, the wiring difficulties are 
necessarily enhanced. 

All these points should therefore be 
borne in mind when designing or building a 
set. a the actual wiring, very few tools 
are really necessary. Fig. r illustrates a 
choice of these. They include two pairs of 
Iat-nosed plicis, one at least of which 

should be of the side-cutting variety; a 
self-heating or other small soldering iron ; 
some solder and fluxite or other soldering 
flux. A quantity ot square tinned copper 
bus bar, flexible wire and tinned copper 
wire about No. 18 gauge are generally also 
necessary, and some systoflex or insulated 
sleeving for covering exposed parts of wires 
which might possibly be liable to short- 
circuit. 

The initial preparation for wiring com- 
prises the construction of a simple former 
lor making the angle pieces, such as that 


TOOLS USED IN WIRING 


Here are included two pairs of flat-nosed pliers, 


flexible 


WIRING 
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ANGLE FORMER IN USE 


Fig. 2. For making neat square bends the 
angle former will save the constructor’s time 
and make a very neat job 


illustrated in Fig. 2. This is merely a flat 
wooden base to which a rectangular block 
of hardwood is screwed. All four corners 
should he right angles, and it is used to bend 
the wires at right angles Dy forcing the wires 
into close contact wiih the guide block. 
The most important preparation is that 
illustrated in Fig. 3, which consists of 
grasping a suitable length of wire between 
two pairs of pliers heid in the right and lett 
hand, when the wire is stretcl ied or pulled 
out to straighten it. The right-angle 
bends are primarily called for in most 
wiring arrangements, and if any number 
are required to be made, the lending 
block should undoubtedly be made up, 
but for only one or two bends the method 
illustrated in Vig. 4 should be suitable. 
The bend is made in this case by grasping 
the wire with a pair of flat-nosed pliers at 
the point where the bend is to be made. 
The other part of the wire is then pulled 
with the right hand while the pliers are 
twisted with the left, thus pulling and 
bending the wire to the required angle 


‘ MAKING AN ANGLE BEND 


Fig. 4. In this operation the wire is bent with 
the aid of a pair of flat-nosed pliers, as shown 
here. Note how the wire is held 


Practically pilag there are two 
systems by which a set may be wired. All 
the connexions can be made with ordinary 
insulated copper wire about No. 18 gauge. 
Ordinary good quality bell wire gives quite 
satisfactory results. It this material is 
uscd, the wires can be worked in any 
direction and thcir ends connected at the 
requisite points. The result, however, is 
very unworkmanlike. 


STRAIGHTENING WIRE 


This simp'e operation is at the same 


Fig. 3. 
time one of ti e most important in the preparation 
for wiring 


Most modern wiring is carried out by 
the systern often known as the anti- 
capacity system. In its essentials each 
Separate Wire is so positioned on the set 
that it docs not touch or come in close 
proximity to any other wire or metallic 
connexion. (On the score of neatness 
and cfficiency all the bends in the runs of 
the wires, when connected by this system, 
should at right angles. = The wires 


WIRING A VALVE PANEL 


This lustration presents an example of 


Fig. 5. 
neat wiring bencatl, a valve panel. 
circuit only is wired 


The filament 
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SOLDERING CONNEXIONS 
Fig. 6. By,soldering wires to the small com- 
ponents the resulting connexions on the panel 
are greatly simplified 


themselves should run from point to point 
in straight paths, Ordinary tinned copper 
wire about No. 18 gauge can be used for 
this work, but it is preferable to use a 
smaller gauge of squarc-sectioned tinned 
copper Wire. Not only is the sectional 
area of this wire greater, gauge for gauge, 
than the circular wire, but it is much 
stiffer, and therefore retains its position 
without much risk of its being accidentally 
moved, as should this happen. the wires 
may be liable to ghort circuit. 

By the anti-capacity system of wiring 
the air is relied upon as the insulator, 
and it can usually be assumed that if a 
minimum gap of 1 in. be left between the 
conductors carrying the low-tension volt- 
age and a clearance of 1 in. between the 
conductors carrying the high-tension volt- 
age, ample insulation is provided. Those 
wires which carry the high-frequency 
current should as far as possible be kept 
remote from one another, and should cross 
cach other at right angles. So far as 
the positioning in the set will allow, the 
wires carrying the high-frequency current 
should not run in parallel lines, as it is 
sometimes considered that such an arrange- 
ment tends to increase the self-capacity of 
the set as a whole. 

Perhaps one of the most important 
features in good wiring is the neatness 
with which the wires are arranged on the 
set and the care with which the con- 
nexions are made. In Fig. 5 an example 
showing the low-tension connexions bo- 
neath the valve panel of a three-valve 
set are clearly shown, from which it will 
be seen that square tinned copper wire is 
employed, the connexions being carned 
out by soldering. 

For good results it is imperative to 


make meta'lically and electrically good 
connexions. This can only be accomplished 
bv well-made soldered joints, in which the 
conductor and terminal, or other connect- 
ing points, are metallically connected by 
solder. In a poorly made joint consider- 
able loss in efficiency will result from the 
presence of a film of flux or oxide between 
the two joint faces, although the exterior 
will appear sound by virtue of the presence 
of the film of solder. 

If the amateur is in doubt as to his 
ability to make good soldered joints the 
joints can be made by means of nutted 
connexions, that is, an eye should be turned 
on the end of the wire and slipped over 
the screwed shank of the terminal] or other 
connecting point and good contact effected 
by serewing a lock nut down firmly on to 
the connecting wire, particular care being 
taken to clean off any suggestion of grease 
or dirt and to make the connexions 
with mechanically clean nuts, wires and 
screws. 

It will often be found to be desirable to 
solder connexions or connecting wires to 
various small components, such, for ex- 
ample, as the condenser illustrated in 
Fig. 6. The components of this type are 
generally provided with soldering lugs, 
usually having a small hole through them. 
The most effective method of making 
connexion is to turn over the end of the 
wire to a right angle, slip it through the 
hole, and solder it firmly to the lug. 

For this sort of work a small self-heating 
soldering iron is very useful, as it can be 
maintained at a uniform and correct work- 
ing temperature, and is instantly ready for 
use. 

In undertaking the wiring of a set it is 
highly desirable to adopt some regular 
plan and to divide the work into a series 
of sections, commencing, for example, by 


TRANSFORMER CONNEXIONS 
Fig. 7. ‘Che input terminals are here shown 
connected to the primary windings of the trans- 
former behind the panel 


Fig. 8. Here the connexions to the telephone 
terminals are shown completed and in place 


Fig. ro. Another pane! is shown here with 
wiring carried out, using insulated sleeving 


Fig.9. In this view the filament connexions are 
indicated in bright wires, connexions previously 
made being shown dotted 


Fig. rr. This illustration shows the panel in 
Fig. o with the amplifier circuit alm@st complete 


DIFFERENT STAGES IN WIRING A RECEIVER PANEL 


wiring up the aerial circuit. Another -oc- 
tion may include the whole of the low- 
tension connexions to the filaments of ihe 
valves and the other points in that circuit, 
and as each connexion is made it should 
be marked off on the circuit diagrem, thus 
reducing the chances of error. 

An example of wiring in this manner is 
illustrated in Fig. 7, which shows a stan- 
dard low-frequency single-valve amplifier 
with grid-biasing battery, the whole of the 
components being mounted beneath an 
cbonite panel. The first step in this case 
is to connect the two “input” terminals 
with the primary winding of the trans- 
former, these two wires being soldered 
respectively to the input terminals at one 
cnd, formed into cyes, and attached by 
means of terminal nuts to the primary side 
of the transformer at the other ends. 

The next step will be to connect the 
plate or anode terminal of the valve 
holder to the telephone terminals, this 
wire being shown with others in Fig. 8. 
As this particular set was to be used as a 


unit with others, three connecting ter- 
minals are fixed on opposite sides of the 
panel, anc consequently thev have to be 
connected bya bridging wire on the under- 
stile. One of these wires is seen in Vig. 8 
ecennecting the upper pair of terminals, and 
a branch ‘s taken from it to the second 
telephone terminal. This bridging wire 
connects to the high-tension positive side. 

The branch from the bridging wire is a 
straight picce of wire, bent over near one 
end to aright angle, with one end soldered 
to the shark of the telephone terminal and 
the ether overlapped and soldered to the 
bridging wire. A further stage in the pro- 
gress of thes wiring is illustrated in big. o, 
Which shows two other bridging wires 
simlarly fitted to the foregoing example, 
With branch connexions to various points 
on the set. The wires that have pre- 
viously been fixed are in this case shown 
by dot ancl dash lines, so as to isolate the 
other wires and render them clearer, a 
method which will be found of consider- 
able advantage to the novice. 


Fig. r2. In this set the various circuits in Fig. 13. How ordinary gummed paper tags may 
use are indicated by differently coloured wires be employed to mark the diffcrent wires 


Fig. 14 (left), Very beasx y wire is used in this 
neatly made set. Fig. 15 (above). This arrange- 
ment makes for easy tracing of wires 


Sg come 


Fig. 16. When this set was wired connexions were made in flexible wire, sleeving and bare 
wire, as is clearly shown 


VARIOUS WIRING ARRANGEMENTS IN LARGE-SIZE SETS 
2246 


WIRING 


WIRING 


The wiring to the grid- 
biasing battery, which is shown 
in Fig. II, is carried out by 
soldering one wire to the 
outer zinc case and connecting 
this by means of a soldered 
contact, or other convenient 
means, by another wire to one 
side of the secondary of the 
transformer. Connexion from 
the centre or carbon element of 
the battery is made by solder- 
ing a wire to it and connecting 
the other end to the low-tension 
negative wire. 

2y adopting the det and 
dash system to indicate the 
various parts of the circuit, 
considerable saving of time 
results. A development of the 
same idea, as illustrated in 
Fig. 12, is to paint the various 
circuits in difterent colours, or 
to adopt different methods of 
dots and dashes. For example, the high- 
tension positive wires could all be painted 
bright red, the common negative wire 
green, and so on. This has the advantage 
that if the work is left until a Jater day to 
be completed and a note is made of the 
colours, it is much easter to carry on at 
the point where the work was discontinued. 

A further device, which is pictured in 
Fig. 13, is to use small white cardboard 
tags, which can be clipped on to the 
principal wires, these tags being marked 
appropriately, as, for instance, H.T 
positive, L.T. negative, and so on. An 
example showing the use ol anti-capacity 


Pigs: 17. 
as possible. 
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STERLING THREE-VALVE SET 


18. This set has a tuned-anode 


H.F. 
coupled valve followed by one stage of L.F. and 


Fig. 


a rectifier, The components are well spaced for 


wiring 


WIRING OF BURNDEPT ULTRA IV SET 


Each connexion here is made in 


8 + 2 v (se; 


m 

ime 

The L.T. circuit is carried out in heavy-sectioned 
wire to minimise resistance 


as direct a 


Courtesy Duindept, Ltd. 


wiring, awd also flexible wires and those 
which are covered with sleeving, is given 
in Fig. I6. 

In anether example, illustrated in 
Tig. ro, the wiring is carried out m msulated 
sleevinge. A point that should De noted is 
the neat manner in which the leads Irom 
the inductance tappings are taken to the 
stud switch at the top. 

The rear of a marine type six-valve 
amplifier by the Radio Communication 
Co., Ltd.. is shown in Fig. r4. A feature 
ol this instrument is its compactness and 
the parallel arrangement of the leàds. 
Very heavy wire is used throughout, for 
where Wireless sets are put to marine usage 
they are subjected to very rough handling, 
and must accordingly be made very 
robust. 

Bare wiring is used on the Burndept 
Ultra IV set, as shown in Ig. 17. In 
this instance cach connexion is made 
from point to point in as direct a line as 
possible. The  low-tension circuit 
carried out in wire of very heavy section 
in order to minimise resistance. Every 
wire is bent on its own special former 
during manufacture. This process en- 
sures each set being identical in internal 
capacity as far as the wiring is concerned, 
and also iacilitates assembly, 

An excellent way of connecting up 
components for experimental purposes 1s 
shown in Figs. 15 and 18. This consists of 
arranging the separate items on a basc- 


Is 


is 
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board well spaced out, and in convenient 
positions for handling, the actual wiring 
being done with stiff, bare, tinned copper 
wire. The set in Fig. 18 is a tuned-anode 
lugh-frequency coupled valve followed by 
rectifier and one stage of low frequency. 
Variometer aerial tuning is fitted and a 
special form of Sterling anode resistance 
unit. Fig. 15 shows a similar arrange- 
ment, except that a three-coil holder tuner 
is fitted with reaction on the secondary, 
while the high-frequency coupling is 
effected with a transformer having a 
tuning disk. 

Arranged in this way the whole of the 
wiring is distinctly visible, and enables 
the circuit to be studied at will, and any 
alterations or additions made with the 
minimum of trouble. One small but im- 
portant point is the use of the insulated 


panel for the battery and telephone 
connexions. 

WOLLASTON WIRE. Name given to 
an exceedingly fine platinum wire coated 


with silver. An ordinary platinum wire 
is heavily coated with silver, and is then 
drawn out as fine as possible. The central 
core of platinum, by this means, can be 
made only a few ten-thousandths of an 
inch thick. Such fine wire is used in 
electrolytic detectors (g.ə.). 

WOOD’S METAL, Soft metallic alloy 
with a low melting-point. It consists of 
two parts of lead, one part of tin, four 
parts of bismuth, and one part of cadmium 
by weight. The alloy has the great ad- 
vantage of melting at a low temperature, 
about 60° C., and is extremely useful for 
the fixing of crystal detectors in their 
cups and so ensuring a firm nictallic con- 
tact. On page 501 appears a photograph 
showing this use of the metal, which is 
usually sold in the form of a rod. 

WORK. Term used in physics. When 
a body is displaced by a force acting on it 
work is said to be done on 
the body, and the measure of 
that work is the product of 
the force and the distance 
the body is moved in the 
direction of the force. Power 
is the rate of doing work. 
The foot-pound-second unit 
of work is the work done by 
one poundal in moving its 
point of application one foot, 
and is called a {oot-poundal. 
The C.G.S. unit of work is 
the work done by one dyne 


Fig. r. 


in moving its point of application one 
centimetre, and is known as the erg. One 
ioot-poundal equals 421,390 ergs. 

The erg is too small a unit for practical 
purposes, and in electrical engineering 
three additional work or energy units are 
employed, namely, the joule, equal to 
ten million ergs ; the watt-hour, equal to 
3,600 joules, and the kilowatt-hour, the 
Board of Trade unit. See Erg; Joule; 
Power: Units; Watt; ete. 
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X-RAYS. Invisible rays derived from 
an electrical discharge in a highly 
evacuated tube which possess the pro- 
perty of being able to penetrate through 
many bodies which are opaque to light. 
X-rays are not used in wireless, but it 
was due to researches on these and other 
forms of discharge that the electronic 
theory of electricity was propounded, and 
the initial experiments in the propagation 
of electric waves through space started. 

The apparatus for the generation of 
N-rays consists essentially of some form 
of high-voltage transformer, such as an 
induction coil (g.v.) and a Crookes’ (g.u.) 
or Coolidge vacuum tube. An illustration 
ol the latter form of tube appears in Fig. 1, 
irom which it is clear that it is an elon- 
gated tube with a spherical portion near 
the centre. The electrodes are carried in 
the tubular portions and terminate oppo- 
site one another within the sphere. The 
cnds of the electrodes are spaced some 
distance apart, one being inclined at an 
angle of 45 degrees. It is fr@m this 
latter clectrode that the rays are projected 
from the tube. 

In Fig. 2 is shown typical high-tension 
apparatus for X-ray working. On the 
right, within the cabinet, is an oil-immersed 
transformer capable of giving a peak 


COOLIDGE VACUUM TUBE 

This type is one of the many vacuum tubes used in 
the generation of X-rays 

Courtesy British Taontson-Houston Co., Ltd. 
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X-RAYS _ 


YAGI SPARK 


H.T. X-RAY APPARATUS 
Fig. 2. On the right here is the oil-immersed 
transformer capable of giving a voltage of g0,coo 
Courtesy Watson & Sons, Lid, 


voltage of oo,ooo. The panel on top of 
the left-hand stand is fitted with the 
necessary switch-gear and meters, the 
body within the expanded metal Bhiclds 
containing resistances, ete. 

Fig. 3 shows a much larger X-ray outtit, 
capable of yielding a voltage of 150,000. 
A high-tension comniutator type of recti- 
fier is fitted. This apparatus may be used 
in conjunction with a vacuum or gas-filled 
type ol tube, whichever is desired. 

X’S. Erratic noises heard in the tele- 
phones which are not due to any inherent 
fault in the receiving set. They are 
usually produced by natural cther waves, 
as those due to a thunderstorm. X’s 
are also called statics or atmospherics or 
strays. See Atmospherics. 

XTRAUDION VALVE. Name given to 
a valve manufactured by the Economic 
Electric Co. The valve differs in 
construction from the standard valve in 
that the anode is a metal plate bent to 
form a channel section instead of the usual 
cylinder. The grid is of robust construc- 
tion, and completely surrounds the straight 
filament wire. 

The filament of the Atraudion requires 
a voltage of 4, and at this maximum 
consumes “4 ampere. The valve is a hard 
one, the vacuuin being of a very high 


LARGE X-RAY OUTFIT 
With this X-ray apparatus a voltage 
of 150,000 may be obtained. 

Courtesy Watson & Sons, Ltd. 


Fig. 


3. 


order. The anode voltage is 50. The valve 
will operate effectively in any circuit 
in which the standard R has been used, 
but for use as a rectifier a 5 megohm 
grid leak is required. A dull emitter form 
of this valve is the Dextraudion, which 
takes only ‘I ampere at r volt and from 
20 to 60 volts on the anode. It has a 
tough filament of special character and 
will operate on a current so low as ‘025 
ampcre at 3 to :5 volt, and thus makes 
a close approach to a “cold emitter.” 
At these low values the filament cannot be 
seen to be alight. When supplied with 
the correct value of current the filament 
glows a dull red only. The saturation point 
is high, so that it will work a loud speaker 
effectively with 2 or 3 volts grid bias. 
See Valves. 

XYLONITE. Trade name 
ticular form of celluloid (g.2.). 
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YAGI SPARK GAP. Form of spark 
gap due to H. Yagi. This is a quenched 
spark gap, the clectrodes of which are 
aluminium and brass. The gap functions 
in an atmosphere of coal gas. The proper- 
ties and general functioning of the gap 
are similar to the Chafice spark gap (q.v.). 


for a par- 


Y GROU PING 

y GROUPING. Kat m ol connecting 
up three-phase windings. The circuits 
start from a common junction and thcir 
three ends go to the three lines. See 
Delta Connexions ; Mesh Grouping. 

YOKOJAMA, EITARO, Japanese wire- 
less expert. Born in 1883, he was cdu- 
cated at the [Engineering Coll ege of the 
Tokyo Imperial University, making a 
special study of wireless. He was ap- 
pointed to the Electro-technical Labora- 
tory of the Japanese Ministry of Communi- 
cations to carry out research work in wire- 
less telegraphy and telephony. He was 
one of the inventors of the T.Y.K. oscilla- 
tion gaps for radio-telephony, for which 
he received many distinctions. In roro he 
was appointed head of the Radio Section 
of the — Electro-technical © Laboratory. 
Yokojama, who ts one of the most brilliant 
Japanese wireless experts, is a member oÍ 
the Institute of Radio Engineers, America, 
and other scientie societies. 
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ZENNECK, J. German wircless expert. 
Born April 35th, 2871, at Wurtemberg, he 
was educated at Tubingen. In 1895 he 
was appointed astani in the Physical 
Institute in Strassburg, a post he held until 
1509, When he carried out a series of tests 
in wireless telegraphy in the North Sea. 
In 1g05. he was appointed assistant pro- 
fessor of physics at the institute of 
Technology, Brunswick, 1000, and after- 
wards professor at Dantzic, III, and 
Munich, 1913. 

Zenneck is one of the most brilliant of 
the German wireless experts. He has 
written a number of authoritative books on 
wireless and a verv large number ol articles 
on electro-magnetic OScillations: 


ZING, Metallic chemical cl-ment. The 
chemical symbol is Zn; meiting point, 
7807 F. The specitic gravity ol cast zinc 


varies from ©S to 6-g, that of rolled zinc 
from 7-15 to 170. The heat conductivity 1s 
36, compared with silver at 100; electrical 
Conductivity 2g-0, compared with silver 
at reo. The ultimate tensile strength is 
5,000 1b, per square inch for east zine. 

In colour zine is bluish-grey, it is prac- 
tically non-corrosive in the atmosphere, 
is capable of taking a high polish, is 
unaffected by water, but is soluble in nitric 
acid and in soda and potash solutions. 
Pure zinc is attacked very slowly by 
sulphuric acid, but this feature 


is one of, 


2250 I ZIRCONIUM 


the greatest applications of zinc in wireless 
work and in electrical work gencrally. 

Zinc is one of the most important com- 
ponents of most dry batteries. It forms 
the negative terminal in most small dry 
batteries, such as those SO Dosing the high- 
tension battery, and in those used for dull 
emitter valves. Zinc in rod form is used 
in most forms of wet cells, especially the 
Leclanché tvpes (g.v). 

Another application of zinc is in the 
galvanizing process, in which iron or steel 
is immersed in molten zinc, which then 
forms a protective coating, preserving 
the ferrous metal from the effects of 
damp. An example is the galvanized wire 
ropes used in acrial mast construction. 
Zinc when overheated gives off poisonous 
fumes which should never be inhaled. 
The fumes are sometimes inet when heating 
brass or other alloys containing zinc. 
Zinc is best soldered by the use of a flux 
composed of spirits of salts, which should 
be wiped from the surface of the zinc im- 
mediately the joint has been completed, 
or corrosion wil] follow. 

ZINCITE. Native oxide of zinc. Zincite 
crystals are distinguished by their red 
colour, often broken up by orange-yellow 
streaks. The crystal is one of the est- 
known rectifers in combination with 
certain other crystals. The combination 
alncite-chalcopyrites is the well-known 
perikon detector, Zincite may also be 
used with contacts of copper, 
galena, iron pyrites, silicon and tellurium. 

With chalcopyrites the contact of the 
two crystals should be on the light side. 
With iron pyrites the pressure is not 
important, the unilateral conductivity 
remaining fairly constant for most pres- 
sures. The worst combination is zincitc- 
galena, Which has a poor unilateral con- 
ductivity. See Crystals. 

ZIRCONIUM. Onc of the metallic 
elements. Its chemical symbol is Zr, and 
atomic weight go-b. Zirconium is an iron- 
grey powder in one form, or it may be 
made to crystallize. The crystals look 
like ches are very brittle and 
extremcly hard, being capable of scratching 
glass and rubies. Zirconium resembles 
thorium in many of its chemical properties, 
and for the control of the vacuum in high 
vacuum valves a small quantity of thorium 
or zirconium is included in the tube. 
These metals combine with hydrogen, 
oxygen, nitrogen, etc., to form compounds 
of very low vapour pressure. 
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CLASSIFIED INDEX 


This index is supplementary to the main alphabetical headings of the WIRELESS 
ENCYCLOPEDIA, and is designed to bring together references which, though having 
some relations in common, are necessarily scatleredethrough the body of the work. 


Thus amplifiers, condensers, valves and similar components ave described under 
their specific names in the Encyclopedia in addition to the general articles on Amplifier, 
In this classified index they are all brought together under 
their general headings for the convenience of readers who are not familiar with the 
specific names. Similarly, such general headings in this index as Circuits, Coupling, 
Insulating Materials, etc., will be found of great assistance in the study of the various 
branches of wireless practice. 


It is to be noted that the alphabetical headings of the WIRELESS ENCYCLOPEDIA 
itself ave not, as a rule, repeated in this index, and when reference is required lo a 
specific article the text matter of the work, and not this index, should be consulted. 


Condenser, Valves, etc, 


A 


A Battery, functions. L 

description and , 214 
Accumulators. See also Batteries ; 

Cells; Plates ; Primary Cells. 

acid, strength of, 19, 1905, 1915 

—iilky, 1432 

—testing strength of, 1868 

active material, 29 

blistering of plates, 248 

boiling in, 254 

buckling ot plates, 20, 296 

capacity of lead, 11 

ease for, 18 

celluloid case, 22 

central station lighting plates, 1907 

charging, 404 
pandard method, 15 
—trom A.C. supply 
—with chemical rectifier, i6 
—with Crypto rectifier, 553 
—trom D.C. supply, 15 
—from mains, 1752 
—with mercury rectifier, 16 
—trom primary batteries, 15 
charging board, 17, 405 
—how to make, 406 
—low voltage, 409 
—wiring, 409 
eharging dynamo, 24 
charging set, 25 
—Homcharger, 1151 
—rotary converter for, 1752 
—Triumph, 25 
— Tungar, 2115 
choosing, 14 
collar, 26 
connector, 26 
container, 26 
current density, 12 
discharge rate, 1905 
—curve, 1904 
fanning of plates, 901 
Faure plates, 912 
forming in, 956 
forming of plates, 12 
furring of plates, 997 

assing in, 1009 
separators for, 1039 

ass wool for, 1040 
Hart plates, 1902 
Homceharger for, 1131 
ignition rate, 12 
lugs, 1352 
making celluloid case for, 391 
negative plate, 1902 
perforated celluloid for, 1530 
piteh for, 1545 
plates, 1549 
plates, mending, 23 
repairing, 21 
reversible booster, 1742 
rotary transformer for, 1758 
sediment, 1787 
separators, 22, 1794 
splash board, 1874 
spraying, 1877 
stoppers, 23 


Accumulators, sulphatins, 19, 1913 
switchboard, 1939 
testing charging current, 18 
theory, 11 
time-capacity curve, 1904 
troubles, 20 
vents, 28 
voltage loss, 20 
volt-hours curve, 1903 
voltage S.G. eurve, 1905 
Accumulators. Types 
C.A.V., 10 
chloride storage battery, 414, 1905 
TP. 729 
D.P. construction, 1903 
Edison, 803 
Exide, 10, 13 
Fuller block, 10, 13 
glass cell open type, 1907 
Hart. 1088 
Lithanode, 1297 
Tudor, 1906, 2099 
Acetone, diclectrie constant, 634 
properties, 28 
Aerial. See also Capacity : 
Aerial; Inductance ; Mast. 
at 6 RS, 2076 
balancing, 187 [7 
blocks, use of, 249 
capacity, 33, 860, 861. 862 
—of cage, 337 
—of fan, 898 
—of parallel wires, : 
—of single vertical 
—of single wire, 357 
chimney stack, 4 
constructior 
convective discharge, 551 
current, 50 
dimensions, 1290 
double-click method of measuring 
capacity, 721 
down haul, 729 
down lead, 729 
Ducon attachment for, 30, 759 
dumb, 766 
duplex, 34 
effect, 50 
fan antenna connector, 599 
frame, one-valve set, 1661 
— or reducing interference, 1197 
—how to make, 971 
—how to make, collapsible, 973 


Vrame 


—super-t 
—wave-len: 
guys, 1065 

halyard, 1070 

inductance, 33 

insulating, 36 

insulation, importance of, 1186 
insulators for, 199 

lattire mast tor, 1275 

lead in, 1273 

—at Berne, 1279 

through window frame, 1278 
length, correct, 33 

limiting voltage for, 1293 
loaded, 1300 


2251 


Aerial, mast bands, t412 
Marconiphone frame aerial set, 1505 
mäst construction, 1410 
mast at Chehusford, 1409 
mast foundation, 40 
mast stays, 1493 
phantom, 1535 
pole mast, 41, 1410, 1575 
radio compass Joop, 1626 
reaction on, regulations, 1290 
receiving, on © Royal Seot,” 1309 
regulations for, 85 
yesistanee, 50 
short waves, for, 1808 
spreaders, 1377 
-—for multi-wire, 1379 
strainer, adjustable 
strap for guy-ropes, 952 
submarine, 1324 
»witeh, 50 
system, 51 
testing for faults in, @05 
transmitting, 189, 231, 233, 2071 
tuning condenser, 51 
tuning inductance, 51 
T.I at 6 R.J., 2050 
PL ats LS l 
"T.L for long-wave receiver, 1319 
wave-length, 37 
wire for, 33, 1823 

Aerials, Types 
American broadcast, Biggin Hill, 1715 
Bellini-Tosi, 227 
cage, 82, 335 
cage at Bournemouth, 1953 
closed coil, 480 
Dieckmann cage, 632 
directive aerials, 1043 
duplex telephony, 34, 767 
Kittel tower, 306 
fan, 22, 596 
flat top, 938 
Trame, 32, 35 
trame, theory and types, 866 
Franklin aerial systems, 932 
ground, 34, 1064 
hexagonal loop, 1325 
horizontal, 1136 
HNoyt-Taylor, 152 
indoor, 48, 1152 
lattice, 44 
Levallois station, 1635 
1 type, 32, 35, 1210, 1208 
loop, 1323 
loop, on door, 1325 
loop, outdoor, 1327 
loop, on submarin 
Marconi frame, 1: 
Robinson directional, 1716 
Rogers underground, 152 
roof, 39 
temporary, 46 
tree, 34 
T type, 1953 
type, bournemouth, 1053 
tubular, 2005 
twin-wire 37 
umbrela, 32, 
Vertex, 2212 
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52. 


Air choke, 52: 
condenser. See Condenser. 
core choke for transmission, 
dielectric constant, 6 
dielectric strength, 
space coil. 56 

Alloys, general description, 
amma, 


2067 


= 
[73] 


ceonstanton, 51 
duteh metal 773 
german silver. 1033, 
Heussler, ELOL 
manganin, 1390, 1739 
phosphor-brouze, 280, 
platinoid, 1550 
1749 
resistanee wires, 
rheostan, 174 
Theostene, 1745 
silicon-brouze, 289, 
solder, 1841 
speller, 1870 
stalloy, 1883 
Wood's metal, DOL 
Alternating Current. 


1739 


1537 


1739 


1517 


See alsa Current: 


Direct Current; Generator; Reeti- 

tier, 
in wireless, 59 

due fuse for, 87¢ 
ing accumulate Lo 
converter for 1).¢ 
Crypto rectifier for, 553 
definition, 631 
eecirolytic rectifier, 836 
Fleming valve for, 941 
Tree, £ 
frequency Changers, 990 
trequeney meter tor, 992 
gererators for, O20 
Kick-baek preventers, 1243 
Korda frequeney adder, 1: 
Lenz Jaw, 12 
measure ee nt by wattmeter, S29 
period, 
phase, È 
phase anglo, 1535 
phase diffrence, 
phase swinging 
polyph Tir 
power factor, 1609 
ripme reducing, 1421 
root mean square, 1749 
rotary converter. 17 
Siemens dynamo i816 
sine curve tor, 182 
theory, 59 
thermo-salvanometer, 2001 
Alternator, See also Generator; Trans- 
mission. 


Alexander, 60 
definition, 60 
Dolezalek, 724 
Cioldsehimidt, 1041 
Hartinann-Kampf, 
inelitetor, GO 1180 
huninations, 1259 
output control, 1027 
singleephase, 1822 

slip rir (8335 

stator for, [559 
synchronized for television, 
synchronous motor, J951 
Tesla, 60 


1089 


1985 


three-phase, 2005 
three-phase winding for. 661 
60, 


types, general 1027 
Aluminium, hr: 
cutting sheet, 
drilling 


G2 


melting point, 


paint, 67 

polishing, 867, S68 

Rubner are. use in, 1766 

solder for, PS42 

soldering, 66 

speciiie gravity, 

turning, 64 
Amineter. Sve alse Galvanometer ; Volt- 

meter 
double-ranse, T24 


1869 


Ammeter, galvanometer used as, 
G.P.O. detector, 665 
hot-wire, 1137 
miliammeter, 1432 
principle of G8, 825 
shunt, 3513 
testing charging, 18 
thermo-electric, 1990 
types, 68 ; 

Ampere, definition, 70 
hour, 70 
hour capacity, accumulator, 
hour capacity, Leclanché cell, 
rile, 70 
turn, 70 
turns in generator armature. 
hums of magnetic cireait, 1359 

Amplification. See also Cireuits 

frequency Amy Hlieation ; 
fregueney Amplification, 
cascade, 38) 
definition, 71 
dual, 749, 1670 
tactor, 73 
faults in H.F.. 911 
dramophone attachment for, 
ILE., 71, 422, 1101 
HF. reactance e: apacity, 1637 
l. FE, r1. 1215 
aE. faults, 912 
ERA power 13323 
leutrodyne method, 1:65 
wote, 1474 
ratio, TL 
reflex. 1670 
resistapes-coupled. £25, 1 
tound cirenits, 1763 
Amplifier, See Circuits : 
Amplification; Low-freqaen 
plifieation ; Valve Sets. 
Aristephone, 7 
vbroadcastin 53 
Burndept uote pur 

Duyndept power 

capacity peaetane 

tal receive 
dual amphiication, 
dual, howling Causes 

Elwell, 73 

Fellophone super two, 1175 

Frenophone, 085 

Gecophone two-valve. 1547 

(G'ecophune power. 1661 

zeneral description, 72 

H., 59. 1106 

H.F., adding to erystal, 1109 

H.F.. how to nse and make, 

London, 2 LO, 1314 

Mareoniphene, 139s, 

Mareoniphone, LF, 

mierophonie, 1430 

neon lanmip as, 1464 

note maunitiers, J475 


12 


10 


° 
38 


1309 
1348 


note magnifier, how to make, L4 


Oracle L.F.. 1348 
pliodynatren, 1552 
Polar, 1345 

power, 1333 
power for loud speakers, 1601 
relay at Wembley, Fa is 

resist ince-couple a, 3 
short wave, 1310 

speech, 1869 

theory, 1345 

Wingey EB 1547 

two-valye d i emitter $6 


Woe: ae Lot. 80 
types 74, 13 w 
unit, 77 
z Western E rie power, 1601 


Angstrom unit. definition, 97 
measure of atoms, 153 


1000 


1285 


1926, 


; High- 


Low- 


16 


High-frequency 


cy AlN- 


1105 


Annealing, methts and processes, 95 


Anode. So also Filament ; 
Valve. 
battery, 102 
cirenit, 103 
sirenit. mo-tified, 105 
a, 105 
control, 109 


converter, 109 
cTrrent, 109 
Fleming valve, 941 
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Gril: 


Air—Atm 


Anode, general, 101 
magnetron, 1383 
power valve, 1609 
Poulsen are, 102 
reactance coil, 110 
reactance unit, 1643, 2101 
resistance, 112 
Teactods unit, 165+ 
sheath, 1803 
tapping point, 113 
tuned, for H.F. amplification, 110 
tuned amplifier, how to make, 75: 
timed, circuits, 363 
tuned, receiving s sets, 
voltage, 113 
Anti-capacity, grid leak, 113 
jacks, 1218 
switches, 114 
switches, how to make, 113 
Antidote, for acid poisoning, 29 
Anti-spark Disk, on Bradtield insulator 
118, 267 
Are. See also Spark; Spark Gap. 
Chaffee, 395 
characteristic curve, 120 
Colin-Jcance, £70 
Dubilter, 126 
Duiddel musical, 760 
Dwyer’s, TTE 
Elwell-Poulsen, 126 
flame, 937 
Fleming, 126 
general, 129 
generator at Carnarvon, 1029 
hissing, 1131 
lamp, 120 
lamp, curbons for, 366, 367 
Jump circuit, 121 
magnetic blow-out, 1355 
magnetic blow-out theory, 
mercury Vapour, 1419 
Moretti, 126, 1445 
multiple, 1454 
Tush expl rined, 1455 
gotor 
Poulsen, 123, 1598 
Poulsen i circuit, 1853 
tubmer, 127, 1766 
spacing coil, 1355 
theory, 120, 1357 
transi on, historical survey 
transmitter, 123 
transmitter for C.W., 525 
rannin mer at Carnarvon., 


3 
5 


2101, 2105 


1357 


1973 


2062 


P2L5 


; 22 


Vreeland 
Arcing, base condenser preventer, 201 


reduction of, 709 
spark, 120 
Armature. 
bore, 130 
core, 55 
a and commutator of generator, 1024 
‘MLV. in continuous current, 1025 
oe ul description, 125 
gramme ring, 533, 1046 
lRaninations, 
lap-wound, 1260 
multipolar, 129 
prevention of eddy currents in, 802 
ction, 130 
ut, 1745 
risers, 1745 
rotating in magnetic field, 
s-wound, 1749 
stampings. 150 
Armstrong Circuits. See also Regeneration ; 
Valve Sets, 
theory, 135 
how to make a receiver, 
Asbestos, composition, 143 
ase covering, 165 
field inswator, 
working in, 149 
Asphalie, usc in wireless, 148 
Atmespherics. See also Harth; 
ferenee Preventers, 
balanced crystal elimination of, 871. 
cause, 151 
de Grovt cirenit to eliminate, 1888 
Dieckmann cage to eliminate, 682 
Climination ot, 152, 1191 


See also Dynamo. 


1021 


139 


266 


Inter: 


Atm—Bri . 


Atmospherics, 
ating, 933 
general notes on, 151 
Hoyt Taylor method of 
15s 
ionization, 1211 
Marconi X stoppers, 1837 
rejector circuits for, 1707 
Rogers eliminating circuit, 152 
static leak, 1887 
Atom, arrangement, 847 
beryllium, 849 
boron, 849 
carbon, 847, 850 
electrical nature of, 817 
electrous in, 846 
general notes on, 153 
helium, 846, 848 
hydrogen, 818, 
lithium, 848 
oxygen, 847 
sodium, &17 
Audibility. See also Reception; 
mission. 
definition, 154 
measuring, 155 
metor, 154 
meter cireuit, 155 
range, 155 
Andio-frequency. See Low Frequeney. 
Auto Cut-out. See also Fuse. 
adjustinent, 169 
definition, 163 
overload release, 1512 
types, L69 
+sAutodyne. See also Beat Reception; 
Heterodyne. 
circuits, 170, 171 
general principles, 170 
reception, 226 


pag 


filter circuits for climin- 


elimination, 


850 


Trans- 


B 
Back Coupling, principle of, 105, 130 
Back E.M.F. See also Hlectro-motive 
Force. 
definition, 180 
effect of inductance on, 1145 
effects in dynamos, 181 
mechanical analogy, 180 
Barretter, liquid, 1296 
functions of, 200 
glass bulb, 200 
B.A. Screw Threads. 
Threads. 
table of sizes, 179 
Basket Coils. See also Coils. 
for A.T.L.. 1317 
A.T.I. for long-wave receiver, 1319 
construction, 202 
definition, 202 
former, 205 
functions, 202 
for H.F, transformer, 
holder, 207 
holder, how to make, 207 
monnt, 213 
plug in, 210 
T-shape holder, 211 
winding, 203, 1318. 
Batteries. See also 
Cell; Primary Ceils. 
A battery, 1, 214 
accumulator, 11 
anode, 102 
B, 214, 220 
B battery cireuit, 220 
BP battery s iteh, var 
*bichromate, 235 
bichromate, how to make, 236 
box, 217 
C, 388 
charging panel, 
connectors, 218 
dry, 214 
dry, varieties and uses, 747 
RE.P.S., 872 


See also Screw 


1121 


1320 
Accumulators ; 


213 


Ever-ready dry, 748, 885, 937 
Exide, 214, 887 


filament-lighting, 14, 922 
flash-lamp, 937 

four-prong connector, 1642 
Fuller, 996 

general notes on, 213 


Batteries, grid, 1052 
grid-hiasing, 388 
Hellesen, 748 
high-tension, 214, 1181 
H.T. battery box, 1131 
H.T. dry, 748 
increasing ainperage, 215 
increasing voltage, 215 
lead, 1278 

- local, 1302 
for multi-valve sets, 14 
parallel connexions, 215 
series connexions, 215 
short circuit. 1805 
for single-valve sets, 14 
Siemens dry. 215 
switch, 219 
tappings for, 1965 
testing for faults in H.T., 
three-wire system, 2015 
types, 213 

Beam. See also Transmission ; 
Mareoni’s wireles: , 1507 

Bearing, adjustable, 22: 
ball, 190 
plummer-bleck, 224 

Beat Reception. 

Heterodyne. 
definition 
frequency 
heterod 
local oscillator tor, 
silent point, 1316 
theory, 170, 225 
tone wheel, 2026 

Bench, how to make 

Bevelling, use in wire 233 

Bifilar Winding. See Non-inductive, 
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Biographies, Mullard, S. R., 1453 
Nally, Edward Julian, 1457 
Noble, Sir William, 1471 
Pannil, Charles Jackson, 1524 
Pedersen, P. 0., 1430 
Petersen, Hermod, 1534 
Phillips, Raymond, 1536 
Piekard, Greenleaf Whittier. 1544 
Poulsen, Valdemar 1597 
Prince, Charles Edward, 
Pupin, Michael, 1619 
Rayleigh, John William Strutt, 1636 
Roberts, Joseph Harrison Thomson. 

1746 
Robinson James, 
Rutherford, Sir 


1613 


1746 
senest, 1766 


Slee, Commander J. A., 1830 

Smith Rose, Reginald, 13856 

Solari, Marquis Luigi, 1341 

Squier, Maior-gencral Sir George 
Owen, 1882 

Stanley, Rupert, 1854 

Steinmetz. Charles Proteus, 1899 

Stoue, John Stone, J901 

Tesla, Nikola, 1993 

Thoernblad, Thor, 2003 

Thompson, Silvanus Phiilips, 200£ 

Thomson, Sir Joseph John, 2004 


‘Torikate, Wichi, 2027 
Tosi, Alessandro, 
Vallauri, Giancarlo 
Vanni, Giuseppe, 
Wheatstone, Sir Charles 
W hiddington, Richard, : 
Wien, Max 
Yokojama, ro, 2250 
Zonneck, J, 2250 

Bits. See also Driliing. 
contre, 266 
Joenning’s patterns, 265 
nose, 266 
reamer, 266 
rosehead countersink, 265 
screwdriver, 266 
taper, 266 
twist, 266 

Blacklead, grid leak, 216 

Blow-lamp, tor brazing, 277 
tor mending accumulator plates, 23 

Bobbin, H.F. transformer, 253 
insulator, 254 
winding transformer, 166 

Bolts, types used in wireless, 256 

Booster, for accumulator charging, 258 
cirenit diagr: un, 26 
functions, RO 
for generator set, 1027, 1030, 1031 
reversible, 174 

Borax, use in brazing, 276 

Brass. See e lso Aluminium., 


bending, 
bushes, 
eetors, 274 

expansion coeficient, 1712 
flat strip, 937 

foil, 274 

general forms, 269 

plate, 270 
polishing, 
tod, 269 
rod, serew-cutting, 637 
solder for, 1842 


867, 868 


specific , 1869 
tube, { 
working in, 270 


Brazing, aluminium, 277 
brass 
compositions, 277 

general description, 


solders for, ee $43 


Bridge. ‘See also Wheatstone Bridge. 
Anderson, 94 
bolometer, 255 
calibrated r 
Campbell's, 
~-for measuring inductance, 
capacity, 560 
de Sauty, 663 
Dyke and Fleming, 774 


1179 


Foster, 956 


Classified Index 


Bridge, inductance mecasureme 
JI66 ELF 
megger, 1998 
metre, F423 
resistance 
theory. 


OX, 1729 
s 


Broadcasting. See also Reception : 


Transmission. 

American, 1470, 1715, 2152 
Big Ben, 2019 

Hiffel Tower time signals, 2019 
engineering problems, 253 
gramophone records, [853 
historical survey. 1982 
microphones fo x7 
principles of, 251 

relaying, 1714 

short-wave difficulties, 286 


time signals, 2019 

Wembley relay. 1718 
Broadcasting Stations 

birmingham, 244 


Bournemouth, P aerial at, 1953 


Cardif, 376 
Carnarvon, generators at, 1029 
Edinburgh, 1721 
Kifel Tower, 805 
Glasgow, 1035 
London, 1311 
Manchester. 
Newark, | 
Plymonth re 
Radiola, 163: 
Relay stations, 1721 
Sheilielkd. 1721 
United States, 245 

Bronzing, methods. S 

Brush, compound, 293 
contacts lor Crypto rectifier, 5; 
discharge, 291, 715 
dynamo, 


A Pd 


single solid, rot 

spring-loaded, 293 
Buckling, of accumulator plates, 
Barnetizing, timber. 302 
Burnishing, niethods, 302 
Bushes, types. 304 
Buzzer, crystal sensitivity test 

314 

definition, 306 

flash lamp ‘and buzzer, 310 

high-frequency, IILE 

how to make, 307 

interrupter, 1203 

Morse code, 1346 

motor, 1451 

Naroh, 310 

power, 1699 

shunted, I&tt 

sparking, 1867 

testing with, 311 

—contacts with, 520 

= for low resistance, 1996 

test type or, 1995 

theo BOT 

tiling, 2131 

twin note, 213 


Cabinets. See also Crystal Sets; 


Sets. 
tal receiver, 601 
t 
design of H 
expanding, 320 
flat-top, 331 
hinged hack, 318 
hinged top, 313 
joints for, 316, 1229 
Jacobean pecan B26 
Lyrian, 333 
one-valve L.F, amplifier, 79 
simple, one-valye, 314 
sloping, 317 
standing, 320 
Cables, power, 334 
Capacity. See also Condenser ; 
ance, 
accunauator, Ut 
aerial Bs, , 560, S61, 862 
air condens 5 D6 


a-valve self-contained, 613, 614 [Cardboard 


nt by. Capacity, Austin’s formula, 357 
balancing, 183 
lhattery 
body, 2: 
bridge, 560 
bridge filter cireuit, 361 
cage aerial, 337 
calculations by Sir O. Lodge. 855 
Campbells bridge method of measur- 
ing, 355 
carrying, of a conductor, 378 
coils, 146 
cone entrie spheres, 
condensers, 358, 
condensers in parallel, 359 
condensers in series, 
coupled resistance auplifier circuit, 
1346 
couplhig, 361 
conpling between valves, 1208 
coupling formulae, 1361 
cylinders, 358 
ceymometer method of measuring, 638 
definition, 555 
de Sauty bridge method of measuring. 
663 
distributed, 7 
distributed, of Igranie coils, 1144 
double aerial, 862 
doable e aethol of measuring, Tul 
earth. 862, 785 
cleetroscope “Ye S weTuei E of, 820 
lan acrials, 80x 
nnt unit defined, 001 
Faraday’! apparatus for measuring, 855 
horizontal wire, 357. 863 
Howe's formulae, 357 
how it changes, 856 
inductive, 1177 
5t Kelvin’s measurement method, 339r 
Leyden jar capacity experiment, 
magnetice inductive, 1564 
minimizing capacity etfeet, 1777 
multi-wire and aerial. 358 
pair of fiat plates, 859 
parallel wires, 357 
20. 296 reactance, 563, 1637 
resistance, 564 
resistance coupling for L. 


&58 


F. amplifier, 


1293 
s with. seli — of coils, 446 
~elt-— of jac 1221 


seli- = of tatrice-wound coils, 1276 
self— in swotches, 114, 911 
speeifie inductive, 857 1889 
sphere, 358, 857 
switch, 365 
theory. 356 
units, x62 
vertical wire, 357 
wires, 357 
Carbon. See also Electredes. 
are lamp. 366 
brushes, 295, 367 
cell, 366 
chumps, 367 
diaphragms. 368 
Duddell musical are, 761 
general description, 365 
grames, 368 
graphite, 1648 
sraphite resistance, 1049 
Vidve] bumps for charging “aceumulators, 18 
microphone, 1428 
plate connector, 363 
Sre also Coils, 
371 


materi 

tubes, 

-—cutting. 873 

-—drifling, 37: 

--fixing. 374 375 

--insulating, 872, 373 

--sandpapering, 373 
Castor Oil, dielectric constant, 684 
Cathode Ray, Braun tube, 385 ç 

definition, 335 

“or sending pictures by wireless, 1985 

oscillograph, 386 

tube, 385 

Western Electric Company’s tube, 386 
Cat’s-whisker, ball bearings for, 190 

nut grip, 387 

spring contacts for, 387 

types, 387 


Induct- 


2254 


Bri—Cho 


Cell. See also Accumulator; Battery ; 
Primary Cell. 
axgziomerate Leclanché, 51 
bichromate, 239 
Bunsen. 300 
Clark, 424 
Daniel, 645, 1051 
double-tuid, 722 
electrolytic, 834 
Faraday’s law of, 904 
Fuller, 996 
galvanic, 999 
gravity. 1051 
Grove, 1064 
Hibbert, 1101 
ironclad Exide, 1212 ` 
Leclanché, 1282 
Lithanode, 1297 
Menotti, 646, 1417 
negative pole, 1460 
ization, 1572 
ve pole, 1586 
rectifying, 412 
saturated solutions in, 1769 
Series, J799 
Series- “parallel, 1794 
single-thtid, 1521 
standard, 1884 
Weston, 2232 
wet, 2233 
Celluloid, in accumulators, 21 
accumulator case, 391 
angle, 96 
cement, composition of, 
characteristics of, 389 
cutting, 389 
dielectric constant, 684 
repairing with acetone, 23 
solvent for, amy] acetate, 94 
Characteristic Curve 
bornite, 259 
bornite-zineite, 400 
carbon ares, 120, 399 
carborundum, 870, 556 
carborundum steel, 400 
current lag, 1259 ` 
definition, 399 
dvnatron, 782 
filter circuits, 932 
kenotron, 1235 
negatron, 1461 
Q valve, 1624 
QX valve, 1625 
slopemeter to me asure, 1835 
tellurium zincite. 400 
three-electrode valve, 110, 381, 492 
U 3 valve, 1660 
valves, 634, 2192, 2193 
Charge,- definition. 403 
eleetric, nature of, 818 
electroscope method of testing, S54 
negative, 1460 
residual. 1727 
space, 1354 
Charging. Sve also Accumulators 
accumulators, 14, 404 
battery, m; chines at Carnarvon, 1031 
board, 17, 403 
board, functions, 404 
beard, low-voltage, 409 
board. single-lamp, how to make, 406 
booster for, 258 
Crypto commuitating rectifier for, 553 
cut-out for. 636 
generator Sutani for, 1027 
Homeharger, 1131 
home aE set, 
lamps for, 405 
panel, battery. 213 
polarity test, 405 
rate. 405 
resistance lamps, 404 
rotary converter, 1753 
set cut-ont, 169 
Chemical Rectifier. See also Rectifier 
circuit diagram, 412 
description, 16, 411 
Choke. Sve also Coil. 
air-core choke coil, 52, 442, 2067 
calibrating —coils, 70L 
coil, in tone filter, 2023 
coil. for transmissior 2068 
control in broadcasting, 238 
control in transmission, 2053 


— aS 


Cho—Coi 


Choke, Ford coil, use of, 2063 
general theory of —coils, 415 
high-frequency, 1115 
how to make—coils, 416 
iron-core chokes, 442 
loud speaker improvement. 1342, 2023. 
Circuits. See also Crystal Sets; Valve 
Sets. 
A battery, 1 
acceptor, 9 
amplifier, two-valve, 83 
anode, 103, 104, 105 
aperiodic, 119 
are transmission, 121, 122 
Armstrong, evolution of, 135 
Arinstrong reactive, 137 
Atinstrong, simple, 423 
Armstrong threc-valve, 188 
Arinstrong single-valve super-regenera- 
tive, 146, 1379 
Armstrong two-valve super-regenera- 
tive, 140, 1379 
Armstrong’s original, 133 
autodyne, 170, 171, 1497 
automatic transmitter, 173 
B battery. 
balanced crystal, 184 
balanced valves, 1888 
ball reactance, 19-4 
beat reception, 226, 1503 
Bolitho, 255 
booster, 7 
buzzer, 312 
Campbell Swinton television, 1934 
capacity bridge filter, 361 
y-coupled, 1268 
capacity reactance, 363 
eapacity resistance, 364 
eapacity-resis 
carborundum, 369. 604 
cascade amplification, 380 
Chatfee spark, 396 
chenical rectifier, 412 
closed, 429 
Coeckaday, 431 
Cockaday*fourth, 960 
coherer, 440, 1394 
condensers, function in, 495 
conductively couple d, 420 
control receiver, 529 
coupled anode-gtii “tioevaly c, 1647 
coupled grid reaction, 1647 
coupled transmitter, 2051 
coupling, 548 
crystal, 557 
crystal and valves, 559 
crystal one-valve L.F., 71 
C.W. transmission, 2067 
de Groot, 1887 
direction finder, 697, 700 
disk discharger, 711 
double-click capacity, 722 
double magnification, 723 
drain, 730 
dual amplification, 749, 754, 1670, 1763 
Duddell’s are oscillator. 123 
dull emitter amplifier, 87, 765 
dynatron, 781 
earth arrester, 785 
electrostatic coupling, 420 
teed-back, 105, 913 
filter, 932 
` filter at 6 RJ, 2078 
five-valve frame acrial, 975 
Fleming valve, 941 
Flewelling, 918, 943 
Franklin, 981 
four-valve, 964 
galvanometer calibration, 342 
generator, 1019 
gridsdctector, 421 
hanging set, 1073 
Hartley, 2074 
Haynes regenerative, 1086 
Hazeltine, 1091 < 
Heising, 1093 
heterodyne, 1097 
H.F. amplifier, 91, 1105, 1628 
H.E. and crystal, 1108, 1109, 1111, 


1189 
interference eliminator, 1193 


ance coupled L.F.. 1293: 


Í 


i 
i 
i 
i 


Circuits, interinediate, 1199 
interrupted C.W., 1201 
kenotron, 1235 
Lepel gap, 1285 
liquid barretter, 1296 
L.F. amplifier, 158 
LF. rystal, 71 
coupled resistance am- 


plifier, 1346 

L.F. transiormer-coupled 
1346 

long-wave receiver, 1231 

loose coupler and crystal, 584 

loud speaker and crystal, 597 

magnetic blow-out, 1356 

magnetic formulae, 1858 

magnetron, 1382 

Marconiphone, 1396 

Marconi X-stopper, 1887 

microphonic amplifier, 1431 

multiple tuner, 1455 

natural frequency of, 1457 

negatron, 1161 

neutrodyne, 1090, 1465 

note magnitier, 1475 

open, 1494 

open oscillatory, 21. 1495 

optimum heterodyne, 1407 

oscillation, focal, 1303 

oscillatory, 1508 

oscillatory closed, 1503 

Peltier effect in, 1530 

pilot lamp sor, 1545 

Popott's coherer, 1576 

portable aniplified crystal, 627 

portable set, 1580 

power amplifier. 1602 

power, at 6 RJ, 2078 

push-pull transformer, 2037 

quadrector 185 

reactance, 1638, 1640 

reaction, 1646 

reaction on anode, 104. 105 

reaction on second valve. 1647 

rectitier, 833 

reflex one-valve, 1673 

reflex three-valve, 1679 

regenerative, 133, 1329 

regenerative, one- valve, 1684, 1655 

regenerative, onc-valve plus two L.F., 
1695 š 

regencrative, tuned anode, 1686 

Reinarz, 1791 

rejector, 1707 

remote control, 1724 

resistance-capacity coupled H.F. ami 
plifier, 1104 

resistance-coupled amplifier. 423, (736 

resistance coupling, 173% 

Round, 1763 

secondary, 1786 

selenium cell, 1544 

short, 1805 

short-circuiting device, 1805 

short-wave amplifier, 1310 

short-wave crystal receiver, 1813 

shunt, 1815 

Simon’s selenium cell, L792 

singh--valve, 1826 

single-valve H.F. crystal, 71 

slopemeter, 1836 

smoothing, 1837 

spacing coll, 1338 

spark gap, 709 

sparking buzzer, 1867 

S.T. 100, 1594 

super-regenerative, 136, 1379 

super-regenerative, Flewelling, 1918 

super-regenerative, oscillator single- 
valve, 1925 

super-regeterative, three-valve, 1927 

supersonic heterodyne, 1930 

switching systems, 1043 

Telefunken, 1968 

testing continuity with gaivanonter, 
1003 

testing for correct, 909 

z. general, of, 418 

de tuner, 2000 

three-valve long-range, 2015 

three-wire, 2015 

tone filter, 2024 

tonic train, 1203 

transformer-coupled, H.F.. 1103 


2255 


amplifier, 


Coils. See also Capacity ; 


Classified Index 


Circuits, transformer-coupled, L.I, 
613, 1208, 1294 

transformer- -coupled three- valve, 2046 
transformer push-pull, : 
transmitter, 420, 442, 2 
transmitter, Lepel, 1286 
transmitting, 2067 
transmitting at 6 RJ, 2080 
tuned anode, 758, 1103 
tuned-impedance amplification, 1105 
two-valve, L.F., 83 
ultra-audion, 2141 
Unidyne, 2148 
unit crystal, 622 
voltmeter calibration, 344, 345 


, 609, 


71 


Coherer. Sve also Decohcrer, 


Blondel, 253 
ee 263 
Castelli, 384 
circuit, “440, 1394 
Fleming, 940 
Lodge, 1306, 1972 
Lodge-Muirhead, 656 
Marconi, 1313 
Popott, 1576 
Stone, 1902 
theory, 439 
vertical type, 527 


Inductance ; 

Inductance Coil; Loose Coupler ; 
Variometer. 

aerial tuning coil, 51, 1274 

ALTE at 5 LS, 2071 

air core, 52, 442 

air space, 56 

anode, 108 

anode reactanee, 110 

astatic, 149 

bank-wound, 196 

basket, una 

| Coupling of, 


receivers, 589 
‘tr: instormer, 1121 
basket, how to fee 203. 1318, 1320 
basket. testing faults in, 907 
Burndept, 300, 444. 470 
Durndept, inductance of, 301 
capacity of, 446 
capstan coil holder, 464 
cardboard tubes for, 371 
choke, 414 
choke. for improving loud speakers, 

1342 
choke, for smoothing pur, 
choke, in tone filter, 2 
cloison, 426 
condenser, 462 
copper wire for, 535 
coupling, 427 
erystal sets, 574 
crystal sets, how to make for, 582 
de Forest, 659 
double-slide tuning, 727 
double-tapped, 442 
duolateral, 548, 766, 907 
effect of current in, 823 
end checks for, 870 
experimental, 449 
exploring, 892 
feed-back, 451 
field, 229 
flat ceoil, inductance, 416 
flux density of, G47 
Giblin-Remler, 1034 
imbal-mounted, 464, 1133, 2133 
helical tapped, 1963 
helix for transmi m, 1095, 2134 
H.F. slider iuductance, 1116 
holders, for basket coils, 207 
holders, Bonds, 291 
holders, how to make, 166 
holders, jig for drilling, 1227 
holders, Polar, 1669 
holders, types, 462, 2133, 2135 
honeycomb, 1133 
honeycomb, bow to make, 1134 
honeyeomb, Jeranie, 1123 
Jgranic, +44, 1144 
-=tapacity of 1141 
impedance, i 147 
inductance, 447, 907, 1163 
inductance ae 45 
inductance coil unit, 1165 


oses, 1337 


Classified Index 


Coils, inductance, types, 1163. 
induct: unce, Measurement of, 
inductance values of Lgranic, 
induction, 1174 
iron-core choke, 442, 1212 
Jap winding. 1261 
lathe, winding on. 457 
lattice-wotnd, 1276 
lengthening, 1284 
Lissen, 21: 
loading, 1300 
Lokap winder, 451 
loose coupler, 443, 53-4 
McMichael holder, 465 
Inagnetie coupling, principles, 

1378 


2131 
TAS 
1144 


magnetic field surrounding, 1370, 2124! 


magnum, 444 
making, 447 
micro-adjuster holder, 464 


mounts, 469 

multi-layer, inductance, 446 
Qojah, 1493 

pancake. 1619 

pile winding, 1545 i 


plug-in, 300. 1555, 2152 
plug-in reaction, 1560 
primary, 1613 

reactance, 1639 

reaction rotor. how to make, 
reetangular inductance, 599 
resistance, 458. 1733 
ankh ott 766 


1651 


saddle 

sei are 1042, 1785 

seconds 

sense, for direction finding, 607, FOL 
series, 1704 

single-layer, inductance, 445 


sinele-stider, 443. 1832 
sinete-slider contact, >19 
slab. 1829 
sledge, 1850 
slider for, 1832 
stider bar tor, 
sliding inductance, 
solenoid, 1849 
space-winding, 
spacing, 182: 
spark, 442 
spark, principle of. 1372 
spark, for transm m, 2069 
spider web tor crystal sets, 580 
spider web inductance, 1870 
stand for, 2134 
switch-controHled, 1947 
tapped, 442. 907, 1956, 2132 
tappings, how to make, 460, 1966 
testing continuity of winding, 461 
theory, 443 
three-slide tuning, 2006 
tickler, 2019. 
toroidal, 446 
triple, holder, 462 
two-slider, 1533 
types, 441 
wave-length, 1144 
wave-length of Oojah. 1494 
winder, 154 
winder, how te rna 
winding, 451, 45 
winding inductance, 2006 
winding shell-type transformer, 
Collar, accumulator, 26 
Yommutator, Sve also Dynamo. 
des ee 472 
disk, 47: 
halite ull 173 
hand-lever, 472 
Jubrication, 474 
mica in, 474 
Swiss. 482 
tome wheel, 2025 
Compass, radio, 1626 
Pelefunken, 694 
Compasses, drawing, 47 
proportional. 7 
various types, 732-733 
Condenser. Ser also Capacity. 
adiustinent, af 
ae tuning, 51 
air, 52, 482, 459 
air, how to make, J4 
air, testing. 1995 


1832, 2007 
1833 


1857 


ke, 458 


1376 


2010; 


\Condenser, anode circuit, 163 
anode-tuning, Baty. 2102 
Autovevors, 361, 479 
balanced, 183 
bank of, at Carnarvon, 2091 
base Tor. 201 
lase type, 201 


Baty variable, 2102 

bearing 228, 224 

billi, 241 , 478, 1465 

billi, how to make, 241 

Tock, 249 

blocking. 250 

blocking. how to make, 250-252 
bracket, 478 

bridge, for comparing capacities, 360 
bridging, 278 
buzzer, tor charging, 312 
by-pass, 140. 313 
capacity. calculation, 359. 
capacity measurement, 183 


503 


capacity measurement by eleetroscope. 


820 
capacity of spherical. 358 
capacity of tubular 241 
capacity. what it is, 476 
coil, 462 
copper foil for, 5: 
for crystal sets, 
dead-beat discharge. 
dial calibration, 340 
dials, 505. 673 
direction-finding tuning, 619 
discharge heat measurement, 857 
disk, 481 
disk, how to make. 
disruptive discharge, 
double anode, 1394 
double cli¢k measurement, 721 
dual tuning, 484 
Dubilier, 481. 485 
ebonite. 401 
edge effect, 803 
electr sorption of, 815 
electralyte, 834 
essential characteristics, E77 
3 E.V.C.. 361, 479, 480 
Fallon, 8R95 
filter, 931 
filtron, 934 
fixed and Dlacklead grid leak, 247 
fixed, general description, 485, 033 
fixed, how to make, 486 
function» of, in circuits, 499 
Gernsback variable, 1034 
glass plate, 1038 
grid, how to make. 670 
grid, testing correct value of, 912 
half-plate, 1068 
Hoffman's chart for capacity, 504 
knobs for, 1247 
leak in, 1281 
Leyden jar, 1289 
Lissen tubular, SOT 
main, 1285 


650 


705 
716 ` 


Mansbridge, 1390 
Marconi, 431 
Marconi double, 1394 
mi 456, 1572 


mie ropie y DOD 

Moscieki. 1451 

multiple, 1455 

neutrody ne, 478. 1468 

in neutrodyne eirevits, 502 
escillatory discharge, 827, 1499, 1505 
paper, 505, 1524 

plates, 1549 
pointers tor, 
Polar, 707, 
Polar unit, 1572 


1562 


Poldhu condenser bank, 2 
power factor measurement. 555 
precision, 1610 


in parallel, 477 

reaction, 1649 

in regenerative circuits, 202 
Seibt air. 1787 

semicircular, 493 

in series, 477 

short wave, 1811 

spacer washers tor. | 854 
spark-coil circuit, use in, 522 
spark frequency. 1863 
spindle, [871 


2256 


Coi—Con 


Condenser, smoothing, 499 


switch, 505 
synchronized, 
telephone, 197 


484 
+ 


testing for faults, 908 


theory, 476 
three-electrode 


. 361, 479 


tinfoil for, 2021 


with transforn 


for transmitter, 5 kw., 
transmitter—sy: stem, £ 
477, 482, 2089 


transmitting, 
triple, 2092 
tubular, 241 
tubular, how t 
tuning by, 50 
units, 405 
vane, 2202 
variable, 2203 


ner, 503 
482 
2089 


ia) make, 498, 495, 2094 
0, 2119 


variable condenser spindle, 1873 


variable type, 
vernier, 489,* 1 


novel, 764 
873, 2203 


vernier attachment, 491 


vertical plate, 
Conductors. 


487 


See also Alloys; Metals ; 


Iusulating Materials, 


aluminium, 62 


anisotropic, 97 


blacklead, 247 
hismuth, 246 
brass, 269 
bronze, 289 
burning out, 
cadnium, 335 
calcium, 338 
carbon, 365 


carrying capac 


connecting str 


302 


ity of, 379 
ips, 510 


connectors, 513 
constanton, 513 

copper, 533 

duteh metal. 773 

flex, 343 

general properties of, 508 
german silver, 1033, 1739 
heussler metal, 1101 


lead, 1277 
lightning, 509 
list of, 509 
lithium, 1298 


Inagnesium, 1355 


manganese, 13 


99 


90 


manganin, 1390, 1739 
mercury, 1417 


nickel, 1470 


omnibus bar, 1488 


palladium, 151 
phosphor-bron 
platinoid, 

potassium, 
resista, 1740 

resistance Wire 
rheostan, 


rubidium, 
selenium, 
silicon bronze, 
silver, 1317 
sodium, 18-41 
sokler, 1844 
spelter, 1870 
stalloy, 1853 
thorium, 2005 
tin, 2029 
tung-ten, 2116 
Woods metal 
vine, 50 


zirconium, 422; 
Connector, battery, 218 
242 


birding posts, 
ase, 274 

s har, 302 

plate 


1910 


stud. 
types of, 512 
Connexions, testi 
Contact Arm, ty} 
Contacts. See 
brush, 554 
plug-in, 1557 


stud. fixing, 


9 
ze, 289, 1537 


1550 
1536 


8, 1739 


1742 
rhcostene, 1745 
1765 
1791 


) 
> 


289, 1817 


561 


50 


ng for wrong, 910 
yes of, 521 
also Switeh; Tapping. 


1910 
523 


“s. 


Con—Cym Classified Index 


Container. See also Cabinet. Coupling, tight, 193, 987, 2019 Crystals, radiocite, 1626 
accumulator, 26 transformer, 1203, 1294 istanee of, 400 
Continuous Waves. See also Arc; Trans-|Crystal Detector. ce also Valves. sitive spots, 573, 1794 
mission. base for, 201 sensitive spots, testing for, 311 
are transmitters, 525 carbormndum. 568 silieon, 1815 
Austin ticker, 2013 cat’s-eye, 568 viticite, 2250 
beat reception, 225 cat’s-wh Kot for, 387 Current. Sve also Eleetromotive Force; 
control valves, use of, 525 double, 565 Electricity; Magnetism: Alternat- 
crystal set receiver for, 312 Everset, 563 ing Current; Direct Current. 
definition, 523 four-cr ub panel. 567 anode, 109 
heterodyne method, 1097, 1496 horizontal, 563 alternating, 59, 631 
modulation of, 524 how to make, 465, 569 A.C, measurement by wattmeter, 829 
Morse by, 526 micromete Hiustinent, £65 hichromate cell, 239 
> optimum heterodyne method, 1496 perikon, 562, 565 carrying capacity, 378 
theory, 523 plug-in. 568” combination meter tester, 471 
ticker for, 2018 stationary eat's-whisker 564 conduction, S08, 632 
timed spark system, 2052 Sterling, 1900 coustant-modulation, 516 
transmission, 418 Telefunken, 568, 1969 continuous, 


transmission circuit, 2067 types, 562 convection, . 632 


transmitter, 526 -un 69 core losses due to stray, 537 
- transmitter, simple type, 2066 vertical, 563. 564 current, resistance and ].M.F., 841 
Control, battery, 616 Crystal Receivers. See ao Ainplifica-| defined, 621 
y choke, 416 tion:  High-ireqneney | Amplitica-; density, 63 
; choke, in broadeasting, 288 tion; Low-frequency Awpttica-} de yor i awianis tán: 12 
Heising modulation, 1093 tion: Valve Sets direct, 631. 691 
remote, 527, 1723 addiug ampli , 60S displacement, 715 
selector, 530 amplitiers for earth, 733 
by wireless, 527 Aristophone, 1: eddy, 632, 802 
Converter. See also Rectifier. balanced, 153, 184, 1816 etfeets, 821 
anode, 109 basket coil, 539, 591 effets on iron tilings, 822 
rotary, 532 J P.H... 296 emission, 870 
Copper, cable, 535 cabinet set, 601 extra, 893 
in Daniell cell. 645 earberimdiun set, 602 Foucault, 958 
expansion eoefficient, 534, 1712 choosing, 1657 galvanoscope for measuring, 1007 
foil, 533 cigar box, 587 G.P.O, detector, 665 
gauze, 533 circuits, 420, 121, 557 ` high-tension, 631 
good conductor, 818 Cosmos, 574, 1424 hot-wire ammeter method of measuring, 
pyrites, 534 double-slider, 581 1137 
resistance, 534 dual ainplification, 750 induced, 1154 
solder for, 1842 experimental, 605 induction, J174 
specific gravity, 534 Gecophone, 574, 1015 intermittent, 1199 
strength, 534 H.F. aunplitication, 623, 1109 Joule`s law, 1252 
sulphate, 534 H.F. and L.F., 627 Kirchotf’s laws, 1244 
tinned, 535 HLF. one-valve, 610, G18. 619, 622, 6271 Korda frequeney adder, 1252 
weight of wire, 535 H.F. transformer-couple|, 621 | Jag curves, 1259 
wire, 534 how to make. 579 lag and lead, x30 
wire resistances, 535, 1729 increasing range of, 618. 22 leakage causes, 1281. 1282 
wire sizes, 534 increasing stre neth, 622 left-hand rule for, 1234 
Corona effect, description, 538. 7(3 lnttice-wound Ades r, 600 Lenz law of, 1285 
losses due to, 538 loose coupler, 


584 low-frequency, 1349 
ot. 59: low-tension, 631 


Countersinking, with brace and bit, 265 loud speaker 


how carried out, 542 L.F. amplitication, 623 magnetic field from, in coil, 1370 
Coupler, Loose. See Coils; Loose} LF. one-valve, 609, pee Maxwell's corkserew rule, 1-412 
Coupler. loading coil addition, 139 measuring magnetic effect, 1007 
Coupling. See also Loose Coupler:; McMichael, 1658 measurement or, 69 
Coil: Inductance Coil. Marconiphone, 1396 Peltier effect, 1530 
auto-inductive, 171 Mareoniphone and one-valve, 1396 phase angle, ee 
auto-transformer, 176 Oracle, 574 phase difference, 1535 
back, 180 portable, 623 pole-finding paper, 1573 
ball reactance, 193 Radio Instrure 576, 1659 polyphase, 1575 
basket coil, 547 short-wave receiver, how to make, 1s12| potential, 1526 
capacity, 361, 1208, 1360 single slider, 550 production of, 850 
capacity- reactance, 363 spider- web coil, 591 pulsating, 1616 
capacity-resistance, 564, 1293, 1732 Sterling, 574 returned, 1741 
close, 426 testing for faults in, 905 Tight-hand rule, 1745 
coefficient, 193, 544, 1360 tuning, 572, 629 rotary converter, 1751 
conductive, 508 twelve-circuit receiver, 605 rotary transformer, 1757 
coupler panel, 543 types, 571 safe, for copper wire, 53¢ 
direct, 544, 691, 1360 variometer, 585, 599 saturation, 1769 
direct loose, 702 wide range, 576 thermopile effects, 2002 
direct tight, 702 Crystals. See aiso Valves Rectifiers. three-wire system, 2015 
duo-lateral, 549 anastace, Ot thumb rule, 2013 
effects on howling, 1139 anglesite, 97 transformation to sound, 1352 
effect on oscillation, 1501 balanced, 153. 184, 1816 waltless, 830, 2216 
electrostatic, 420, 544 balaneed carborundum, 370 Curve. See also Characteristic Curve. ` 
ak formulac, 1361 black tellurium, 245 abseissa, 9 
inductive, 421, 544, 547, 1169. 1177.| bornite. 259 B.H. for iron, 1362 
1360 hrookite, 259 catenary, 33E 
inter-valve, : 1207 earborundinan. 369 foci of, 949 
Lenz law, cat’s-whiskers for, 3833, 555 locus, 1305 
loose, 193 cerusite, permeability for iron, 1362 
loose. analogy, 987 chaleopyrites, 396, 534 pure sine, 1145 
loose. explained, 1335 characteristie curves of, 100 | sine, 1820 
bp loose ete 442, 448, 577, 5S4. combinations. 555 sing for potential in generator, 1022 
1177, 132%, 1329 enps, 555 squared paper, 1882 
magnetic, principle of. 1359, 1376 dead, 650 Cut-out, anto, 168 
ohmic, 1482 detectorite, 666 automatic interrupters, 172 
reactance, 1637, 1639 galena, 995 general description, 635 
reaetance-capacity, 546, 1637 iron pyrites, 1215 on charging board, 400 
reaction, 105, 1645 molyhdenite, 1445 Cymometer, © capac y measurement by, 638 
regenerative, 1688 mounting, 56: description, 
T ance, 1208, 1733, 1738 nagyagite, 1457 Fleming, 637, 940 
resistance-capacity, 864, 1293, 1732 piezo electrical effect, 1541 inductance measurement by, 638 
theory, 644 properties, 555 wave-length measurement by, 638 
` D 103 2257 


2B3 


Classified Index 


Cymoscope, description, 639 
adjustable, 639 
early form, 639 
multiloop, 640 
Fleming's, 641 


Cym— Ear 


Dielectric, shellae. 684 
turpentine: 684 

Dielectrics, Leyden jar experiment, 856 
---strength, te sine, 703. 716 

Dies and Taps, adjustable. 686 
British Association, 685 š 

D- reversed, 687 straight shank twist, 738 
screw-thread cutting. 687 twist, 738, 2141 
tap, using small, 690 use with brace, 264, 266 
varieties, 685 yarieties, 737 

Direct Current. See also Alternating|Drilling, aluminium, 65 

Current: Current; Rectifier. brass, 272 

accumulator charging, 15 
converter for changing to A.C., 532 
definition, 691 
generator, 691 
rotary converter, 1751 
Totary transformer, (7 

Directional Wireless. 

Finder: Transmission. 

acrial at Brentwood, 695 
arrial at. Cadiz, 693 square holes, 745 
Tellini-Tosi aerial, 227 template for valve, 1987 
J.rown’s, 692 Dry Cell, See also Battery ; 
Franklin’s circuits for, J82 Cell. 
Marconi tem, 692 advantages, 214 
night effects on, 719 construction, 747 
radiogoniometer for, Economic Electric Co., 746 
search coil for, 229, 892, Ever-ready, 748, 885, 937 
short wave, 180 flash-lamp, 937 
Telefunken, 692 Hellesens. 748 
umbrella aerial for, 692 H.T., 748, 1130 

Direction Finder. See alse Aerial. Dual Amplification. See also Amplifica- 
Pelini-'Fosi, 228, 695 tion; Regeneration. 
loop aerial for, 1323 advantages, 749 
Marconi, 696-697 circuits, 754, 758 
Marconi’s at Brentwood, circuits, howling in, 
Marconi’s at Cadiz, 693 disadvantages, 749 
radio compass, 1626 principles, 749, 1670 
radiogoniometer, 1042 Round circuits, 1763 
Robinson, 702, 1746 sinule-valve receiver, 750 
search coil, 229, 892, transformer for, 753 
sense indicator, 1794 tuned anode with, 755 
ships, 698 Dubilier are, description, 126 
Telefunken, 692 Ducon clectric light attachment, 30, 759 
logarithmic, 656 transformer, 701 methods of connecting, 760 
measurement. of, 658 tuning condenser, 699 Duli Emitter. See also Valves. 

Delta Connexions, power measurement ,662|Discharge, brush, 291, 715. 1282 Dextrandion, 2249 
three-phase transformer, 661, 1419 —-Oudin resonator for, 1511 for L.F. amplifiers, 87 
reduction of ripple by, 1421 conductive, 702 Marconi-Osram, 762 
wattmeter measurement, 662 convective receiver, 86, 762 


Drill, gauge, 739 
hand, 740 
level, in breast, [288 
lubrication of, 744 
pistol grip, 740 
arpening, 739 


Damping, air, 614 
calculation, 657 
choke coils for, 445 
dead beat, 119 
decrement, 643, 656 
detinition, 642 
factor, 643 
moment, 645 
of instruments, 
oil, 644 
of waves, 642, 656 

Daylight Effect, fading, 894 
general, on reception, 648 
Heaviside laver, 284, 720 
sunrise and sunset. effect, 648, 894 

Dead Beat. See also Damping. 
condenser discharge, 650 
detined, 649 
explanation, 119 
galvanometer, 647 

0O. detector, 666 
Grassot dead-beat flaxmeter, 949 
instruments, 644 

Dead End, effects, 651 
local oscillation effects, 1302 
switch, 651 
switch, how to make, 652 

Deaf, ossiphone for, 1510 
otophone for, 1510 

Decoherer. See also Coherer. 
Brown's, 656 
definition and types, 655 
electrical, 656 
Lodge, 655, 1307 
Lodge-Muirhead, 656 

Decrement. See also Damping. 
damping, 643 
decremeter, 658 


ji 20. 1227 

w ith lathe, 743-45 
machines, 742 
—choosing, 743 
Nee also Direction] nut, for split pin, 
paper, 744 
processes, 740, 741 


119, 643 


1481 


Primary 


1642 
1042, 1785 


692-693 1141 


1042, 1785 


Depolarizer. See Polarization. corona, 538, 703 —at 6 RS, 2074 
Detector, see also Crystal ; Coherer :} dead beat, 649 thorium in, 2005 
Vi $ disruptive, 703, 715 two-yalve set with. 86, 762 

bar 200, 1296 elfeets of points on, 1182 voltages tor, 761 
erystal, glow, 1040 Weco valve, 2231 
coherer, 439 oscillatory, 1505 Wehbnelt’s discovery, 761 
eymoscope, 639 oscillatory, of a condenser, 827 Dynamo, Sre also Generator. 
Dennis, 662 quenched gap, 1622 accumulator charging with, 24 
electrolytic, 664, 835 rate of accumulator, 12 amateur wireless station, 778 
G.P.O., 665 spark, 708 brushes, 294 
liquid, 1296 Discharger. See also Spark Gap; Trans-| brush rocker, 1748 


general types, 664 
magnetic, 664, 1363 
Marconi’s magnetic, 
panel, 666 
perikon, 1530 
Rubens and Ritter, 1999 
spark, 664, 1862 

Sterling erystal, 1900 
Telefunken, 568, 1969 
thermal, 665, 1999 
theory of magnetic, 1363 synchronous, 709, 1950 

unit, 569, 671 transatlantic spark disk at Carnarvon, 
valve, 675 712 


mission. 
disk, 708, 1754 
—-adjustment in transinission, 2052 
fixed, 704, 936 
Fleming, TOL 
Lodge-Chambers, 704 
Poukert, 1534 
rotary, 714, 1753 
—on ship’s transmitting set, 2056 | 
small power, 1951 


commutator, 473 
compound, 475 
construction, 775 
exciter, 837 

field! regulator, 918 
field rheostat, 919 
home charging, 776 
induction in, 1172 
interpoles of, 1200 
lap winding of, 1260 
load, 1299 
magnetic circuit of, 1358 


1363 


Dial, condenser, 505 
condenser, calibrating, 340 
condenser, how to make, 678 
galvanometer, 1007 

Diaphragm, microphone, 681 
Stalloy telephone, 681 

Dielectric, constant, definition, 684 
air, 684 
acetone, 28, 684 
castor oil, 684 
celluloid, 684 
ebonite, 683, 684, 792 
glass, 684, 1037 
glycerine, 684 
hysteresis, 68-4 
indiarubber, 684, 1151 
mica, 683 684, 1425 
paper, 683 
parattin wax, 684, 1526 


trigger disk at Carnarvon, 713 
Distortion, broadcasting, 234 
causes of, 717 
electro-magnetic waves, 719 
iron-cored transformer, 718 


neutrodyne method of eliminating, 1090 


night effects. 719 
Preece on, 718 
problems, 717 
Tetlection, 720 
refraction, 719 


Distribution Board, functions of, 720 


Dotting Pen, how to use, 733 
Drill, brace shank twist, 788 
bre ast, 741 
centre’ pop, making, 1618 
cutting angles, 738 
diamond-point brace shank, 738 
tuted, 738 


2258 


overtype charging, 779 
saturation curve of, 920 
sectional diagram, 775 
self-excited, 1793 
series coil, 1795 
series-wound, 1799 
shunt-wound, 1815 
sparking, 1866 
speeds, correct, 778 
types, 775 

E 


Earth. See also Aerial. 
arrester, 785, 1291 
capacity, 362, 785 
elip, 785 
connexions, 786 
—for transmitting, 2070 
copper strap clip, 786 
counterpoise, 542 


Ear—Fee 


Earth, current, 788 
dead, 651 
“lightning arrester, 785, 1294 
importance of, 783 
principles, 782 
pipe as, 789 
plate. 788 
return, 739 
resistance, 783, 780 
substitutes for, 734 
switch, how to make, 790 
testing for faults in connexions, 006 
—tesistances, 1998 
transformers, 734 
transmissi 28: 
varieties of, 733 
water tap tor, 787 
wire, 759 
Ebonite. See also Insulating Materials : 
Insulators. 
bushings, 305 
condenser, 801 
dielectric constant, 634 
dielectric strength, 683 
cutting, 794 
drilling, 740, 744. 793 
engraving, 798, 872 
filing, 796 
insulator, 338, 801 
making, 792 
matting, 796 
matting with emery powder, 869 
plugging holes in, SOL 
polishing, 799 
qualities, 793 
sawing, 1772 
Tew cutting in, 800 
shaping, 796 
turning, 798 
Electricity. See also Magnetism. 
accumulators, 11 
alternating current, 59 
alternators, 60 
back E.M.F., 180 
batteries, 213 
capacity, 356, 855 
cell, 388 
charge, 403 
condenser, 476 
conductors, 509 
current, 630 
dielectrics, 684 
direct current, 691 
dry cell, 746 
dynamo, 775 
electro-dynamies, 829 
electrolines explained, 831 
electro-motive force, 841 
electrons, 845 
ether, 376 
Faraday’s electro-chemical laws, 
frictional, 850 
generator, 1019 
inductance, 1157 
induction, 1170 
insulating materials, 1184 
insulation, 1185 
Leyden jar, 1289 
nature of, 878 
Peltier effect, 1530 
piezo, 1544 
proton, 845, 1614 
quantum theory, 
resinogs, 1727 
Seebeck effect, 
theory of, 825 
thernio, 2000 
thermopile, 2002 
three-wire system, 2015 
Electric Light, Ducon attachment for, 
30, 759 


304 


1620 
2002 


Electrodes. See also Battery: Are; 
Primary Cell. 
Calland-DanieH cell, 1612 


carbon, 366 
Castner cell, 
cathode, 384 
detined, 829 
Duddell musical are, 761 
electrolytic rectifier, 837 
grid, 1052 

Grove cell, 1065 
Leclanché cell, 1283-84 
Moretti are, 102 


1417 


Electrodes, Noden valve, 1472 
Poulsen are, 102 ` 
quenched spark, 1623 
Rubmer are, 102, 1766 
spark gap, 13641 
T.Y.K. are, 102 
Vreeland’s are, 102 
water-cooled. 12-4 
Wehnelt, Š 
Electrolysis. See also Primary Cell. 
anion, 97 
cation, 386 
explained, 823 
jon, 1211 
ionization, 1211 
Electrolyte, of bichromate cell, 25 
or Daniell cell. 645 
density in aecumulators, 19 
double, 722 
electro-chemiical equivaient, 
sal-animonias, 12383, 1758 
varieties, &3+ 
Electrolytic, Caldwell interrupter, 856 
cell, 834 
condenser, 834 
detector, 835 
interrupters, 
1206 
rectifier, 16, 836 
rectifier circuit, 16, 8 
Wehuelt interrupter, 
Electro-motive Force. 
Electricity. 
back, L80, 1: 
back, effect of inductance, 1145 
current resistance relationships, 843 
definition, 341, 950 


829 


characteristics of, +36. 


)5 


explained, 841 
generated in continuous current arma- 
ture, 1025 

jn generators, 1021 

induction relationships. 

induced, 1155 

Kirchott’s rule, 841 

Korda frequency adder, | 

measurement or, 841, $45 

lag curves, 1259 

related to current and resistance, S41 
Electrons. See also Klevtricity ; Mag- 

netism. 

atom, arrangement, 347 

beryllium atom, 840 

boron atom, 849 

carbon atom, 847, 859 

cells, 821 

counting by spectrum method, S46 

effect of friction on, 810 

flowing through a conductor, 816 

free, 985 z 

helium atom, 348, 851 

hydrogen atom, 848, 850 

lithium atom, 848, 850 

nature of, 817 

oxygen atom. 847 

proton, 845, 1614 

relay, 852 

size of, 849 

sodium atom, 817 

speed of, 849 

theory of, 815 

Thomson’s discovery, S45 

velocity or. how measured, 851 
Electroscopes, Bennet’s, 854 

condensing, 855 

measuring e pacity, Slo 

measuring potential difference. S20 
Electrostatic, Bennets clectroscope, 534 

capacity, 805 

condensing elecfroscopo, 553 

clectroscope. 354 

electrophorus, 352 

field, 364 

induction, 

units. 866 
Electro-technical Symbols, 
Element, aluminium, 62 

argon, 127 

beryllium, &49 

bismuth, 246 

boron, 254, 

“admit, 3 

calcium, 335 

carbou, 365, 847, 850 
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1156 


865 
list, 3 


See also Current : 


electroseope measurement of P.D... 355 


Classified Index 


Element, chlorine, 414 
cobalt, 434 
copper, 533 
electro-chemical equivalent of, 829 
gold, 1040 ; 
helium, 848, 351, 


1095 


hydrogen, 8418, 859, 1141 
iron, {212 

lend, 277 

lithium, S48, 850, 1298 


magnesium, 1345 
manganese, 1590 
mercury, PET 
nickel, 1470 
nitrogen, 1470 
oyygen, 347. 1514 
palladium, 1519 
phosphorus, 1537 


platinaan, 15590 
petassiim. 1586 
rubidiuin, 1765 
se'enium, 1791 
silicon, IS16 
silver, 1817 
sodium, 817. 1841 
tantalum, 1956 
tin, 2020 
thorium, 2005 
zine 0 
zirconium, 2250 


Emery, cleaning off insulation with, 549 
cloth, S67 
cloth, how to fold, 867 
puper, S68 
polishing with emery paper, 568 
powder, 369 
Energy, conservation of, 950 
definition, 871 
kinetic, 871 
potential, 871, 
quantum theory, 
Engraving eboni 
tools useda 87 
Ether. Sve also Wlectron, 
Clerk-Maxwell on, 577 
and electrical theory, 825 
free, 
Lodge’s experiments, 879 
theories of, 876 
Waves, 877 
Eye, how to forge, 954 
in strap plate, 891 
double-ended, 2 
Eyebolt, forging, O54 
use on dynamo, 257 
Use On strainers, 894 


F 


Fading, daylight effects on, 648, 895 
l 


1590 
1620 
TUS, S72 


š. 719 
sunrise and sunset effects, 648, S04 
Faraday’s Laws of electricity, 11, 
Faults. See also Testing. 
aerial, 905 
basket coil, 907 
condenser, 90% 
crystal sets, 905 
double crystals, 905 
duotateral coils, 900 
earth, 906 
H.F. amplifiers, O11 
H.F. leakage. O10 
high-tension batteries, 907 
inductance slider, VOT 
lead-in wire, 905 
Tond speaker, 909 
jow-frequency amplifiers, 912 
tapped coils, 907 
telephones, 900 
tuning connexions, 906 
vViulves, 009 
variometer, 007 
Faure Plates. Sve 
Plates. 
accumulator, 729 
ive, 912 
positive, 912 
Feed Back. see also Regeneration. 
capacity reactance Circuits, 364 
circuits, 013 
coil, how to make, 450 
definition, 913 
principle, 105, 913 


alsn Accumulator $ 


Classthed Index 


Feed Back, reaction coupling, 914 
Field, coil, 229 
concentrated, 1373 
electric, duc to influence, 815, 1181 
electrostatic, 864 
Faraday’s conception of magnetic, 1371 
formula, 1380 
magnet, 917 
magnetic, 1364 
magnetic, demonstration of, 1368 
magnetic, flux density, 948 
magnetic, measuring strength of, 1050. 
1509 
magnetic, representation of, 1156 
magnetic, thumb rule, 2018 
magnetometer, 1380 
maintenance of magnetic, 1374 
regulator, 919, 1700 
regulator for charging board, 410 
rheostat, 919 
round current-carrying coil, 1370 
round straight conductor, 1371 
strength, how measured, 1380 
Filament. See also Anode; Grid; Valve, 
argon, to lengthen life of, 127 
battery, 922 
construction, 921 
dull emitters, 762 
Fleming valve, 941 
fuse, 922 
magnetron, 1383 
materials, 921 
Filament Resistance. Sce also Resistance. 
Burndept dual, 1743 
Burndept resista, 1740 
continuously variable, 925 
formers for, 955 
Fuller, 92-4 
Holderstat, 1570, 1878 
how to make, 76, 669, 926, 1743 
Igranic, 925 
knobs for, 1247 
Marconi, 1395 
microstat, 1432 
lunger for Holderstat, 1561 
Radio Instruments, 1743 
vernier, 925 
Filing, brass, 271 
cleaning files, 931 
draw, 930 
ehonite, 796 
flat, 929 
round surfaces, 931 
varieties of files, 928 
Fleming, biography, 939 
circuits for Fleming valves, 942 
coherer, 940 
cymometer, 940 
oil are, 126 
rule, 940 
spark frequency recorder, 994 
valve, 941 
on wireless theory, xi 
Flux. See also Magnetism. 
curves, 948, 1362 
density, 948, 1361 
direction, 946 
fluxmeter, 949, 1050 
leakage in transformers, 2029 
magnetic, 1364 
magnetic, direction of, 1021 
magnetic, lag behind magnetizing 
force, 1142 
in transformer core, 1375 
Flux. See also Soldering. 
borax, 1843 
boron compo, 1843 
brass, 948 
copper, 948, 1819 
easy, 1819 
fluxite, 1843 
killed spirit, 1843 
silver soldering, 1818 
Fly Nut, use of, 257 
Foil, brass, 274 
copper, 533 
tin, 2021 
—in condenser, 2021 
—in Leyden jar, 2021 
—in Wimshurst machine, 2021 
Force, centrifugal, 393 
effect of, 949 
electro-motive, 950 
electro-motive explained, 841 


Force, formulac, 1382 
lines of, 1295 


Fee--Gen 
G 


tines of, in coils, 1370, 1377, 1373 2124/Galvanometer. See also Ammeter; Volt 


Jines of, on magnet, 830 
magnetic, 1364 
magnetic, Fleming’s rule for, 940 
magnetizing —leacd over magnetic flux, 
1142 
magnetizing of a solenoid, 947 
magneto-motive theory, 1381 
Maxwell’s corkserew rule for, 1412 
in mechagics, 949 
imbalanced, 949 
Forging, eyeboit, 954 
hook, 955 
methods, 951 
right-angle bends, 953 
steel, 051 
strap for mast, 953 
trueing up, 953 
Formers, for basket coils, 203, 205 
coil, 451, 455, 457 
filament resistance, 955 
thell-type transformer, 2040 
variometer, 656 
Forming of accumulator plates, 12, 956 
Frame Aerial. See also Acrial ; Direction 
Finding. 
advantages, 968 
Armstrong circuits with, 141 
Belini-Tosi, 227, 695 
cabinet set with, 1327 
Climax, 1661 
collapsible, how to make, 969 
tive-valve set with, 975 
hanging set, 1077 
Hoyt-Taylor balanced, 152 
how to make, 143, 971 
interference, reducing with, 1197 
Marconiphone, 1405 
Marconiphone loop, 1325 
one-valve set, 1661 
Radio Instruments, 969 
short-wave reception, (68 
solenoid type, 969 
super-regencrative set with, 1925 
theory, 966 
wave-length, 975 
wire for, 970 
Free alternating current, 985 
electrons, 985 
magnetism, 966 
oscillation in Armstrong circuits, 136 
oscillations, application. 987 
oscillations, definition, 986 
oscillations, expression tor, 988 
oscillations in Leyden jar, 987 
Frequency. Sve also High Frequency ; 
Low Frequency. 
audio, 155 
heat, 226 
changers, 990 
changing by valve rectifiers, 991 
Fleming spark frequency recorder, 994 
group, 1064 
Hartmann and Braun frequency meter, 
993 
high, 1101, 1627 
Korda frequency adder. 1252 
low-frequency limits, 1345 
measurement. with cymometer, 637 
meter, 992 
natural, 1457 
photographie frequency recorder, 995 
quantum theory, 1620 
oscillation, 1502 
radio, 1627 
spark, 1863 
spark, recording with dictaphone, 994 
table, 990 
Telefunken frequency changer, 991 
triple, 1253 
vibrating reed meter, 995 
Westinghouse frequency meter, 993 
Funnel, acid, 29 
Fuse, bobbin, 997 
burning out, 302 
cartridge, 37), 997 
filament, 922 
types of, 997 
uses, 168 
wire in accumulator charging, 18 
Fusible Alloys, cadmium in, 335 
Wood’s metal, 561, 2248 
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Generator. 


meter. 
A.C. measurement by, 2001 
aperiodic, 1001 
ammeter, use as. 1000 
astatice, 149 
ballistic, 191 
ballistic for measuring permeability, 234 
calibrating, 343 b 
circuit continuity tests with, 1003 
constant, 235, 1000 
construction, 1000 
damping moment, 645 
ad Arsonval, 647, 1001 
dead-beat, 1002 
dial for, 1005, 1007 
Duddell thermo-, 2001 
Einthoven, 813 
figure of merit, 1001 
Grassot fluxmeter, 949, 1050 
H.F. transformer tests with, 1003 
how to make, 1004 
measuring signals with, 1002 
mirror, 1433 
Moll, 1443 
moving coil, 1452 
needle, 1007 
oscillograph application, 1506 
precision, 1001 
principle of, 823 
sesitiveness, 1001 
shunt, 1813 
suspended coil, 1001 
tangent, 1000, 1955 
testing filament resistance with, 1003 
theory of, 1000 
thermo, 2000 
thermopile for use with, 2003 
varieties, 1000 
vibration, 2212 
Wasin Electrical Instrument Co.’s, 
100: 


Gap. See also Spark Gap ; Transmission ; 


Arc. 
de-ionizing methods, 1357 
micrometer spark, 1428 
multiple, early form, 1008, 1504 
Peukert discharger, 1534 
guenched gap discharge, 1622 
quenched gap transmitter, 1622 
quenched spark, 1623 
satety, 1768 
spark, 1863 
spark, electrodes, 1864 


Gassing, when charging accumulators, 18, 


1009 


Gauge, See also Tools ; Wire. 


cutting, 1013 

depth, 1011 

drill, 1010 

feeler, 1011 

limit, 1011 

screw thread, 1010 

sizes, 1014 

universal drill, 1011 

vernier caliper, 1012 

wire, 1010 

See also Dynamo. 
A.C. in transmitting circuit, 1020 
arc, 124 

armature core, 1024, 1025 
booster for, 258 

Carnarvon, 1029 
Crompton’s, 1033 
description, 1019 

direct current, 691, 1024 
duplex telephony, 769 
Hitfel Tower, 808 
electro-motive torce in, 1021 
English Electric A.C., 1027 
field excitation, 1026 

field regulator for, 918 
field rheostat for, 919 
half-kilowatt twin, 1032 
hand, 1074 

high-tension current, 1032 
hunting of, 1141 
low-tension current, 1032 
output variation, 1027 
parts, 1023 

pole shoes, 1575 

rotor spindle, 1761 


Gen—Ind Classified Index 


Generator, shunt-wound disk and booster, Heterodyne, rectification, 197 Impedance, filament-grid, 1683 
1030 reetitier, 1993 formulav, 1146-47 
three-kilowatt D.C,, 1024 supersonic, 1029 measurement or, 1147 
three-phase system for, 661 theory of, 1097 tuned anode cirenit, 363 
transmission circuit, 1019 | yave- meter, 1100 tuned impedance amplifier, 1165 
two-kilowntt motor, 1028 High Frequency. See also Ampliification | veetor diagrams, 1115 
Glace Bay, fan aeriais at, 896 Low Frequency. Indiarubber, belts, 1152 
Glass, cr 1. dielectric strength, 683 amplifiers, 59. 1106 des ion, 1151 
cutting, 1037 holometer measuring of, 255 dielectric constant, 681 
drilling, 745 definition, 1101 packing, 1515 
flint, dielectric strength, 684 discharges, 1505 panel inarking, 1152 
grinding, 1038 3 barges, Oudin resonator for, 15) 4 puncturing voltage, 1151 


ground, 1033 snlained, 71. 422, 1101 solution, 1152 
@% paper, 10338 feed-back cirenit, 9145 specific gravity, 1151 
plate condenser, 1038 Titzendraht cable Tor, 1298 turning, 1151 
plate, dielectric constant, 684 QOojah plug-in H.F. transtormer, 143! [Inductance. See also Capacity. 
separators, 1039 resistance, 1828 of aerial 33 


silencer, 16039 
tube, 1039 
uses in wireless, 1037 
wool, 1040 
Glycerine, dielectric constant, 684 
Grid. See also Anode ; 
battery, position in circuit, 1052 
battery, characteristic curve, 1 
biasing battery, function, 383, 1052 
circuit, 1054 
coil at 5 LS, 2071 
control, 1054 
effects on regeneration control, 1657 
function of, 401, 1052 
function in tuned anode circuits, 363 


F ilament ; Valves. 


Yeglstance-ca 
skin effect, 1: 
testing for HE. lea! 
two-vaive un:t H.E 


High-frequency Amplification. Seo ulse 


Amplitieation ; Low frequency. 
cirenits for, 422 


erystal set, addition to, 559, 611, 613. 


1109 
dual-amplification receivers, 1670 
general, 72 
methods of, 1101 
nentrodyne method, 1465 
one-valve, 90 
one-valve erystal, 71 


Anderson bridge measurement, 95 
astatie coils for measuring, 149 
Purndept coils, 304 

Campbell bri for measuring, 1179 
oF choke coils, 414 


Clerk-Maxwell’s inductance formulae, 


1160 
of coiis, 11558 
evmometer measurement of, 638 
definition, )157 
distortion etfeets ol. TIS 
eftfeet on baek P.M.F. 1145 
effeet on tuning, 2119 


experimental methods of measurement, 


1160 
formulae for, 1158 


in four-clectrode valve, 214E 
modulation grid control, 1442 
reaction, 1647 

Grid Leak. anti-capacity, 113 
blacklead, 247 
Bretwood, 1057 


reactance-capacity, 1637 
Round circuits, 1763 inductometer for measuring, 1179 
tone wheel ecnversion to L.P., 2625 Lodge’s tuning, 1308 
transtoermer-coupled, 621, 2645 Maxwell Wheatstone bridge for mensur- 
transformer wave-length r es, 2U45 ing, 1161 

transformers for, 20° 36 measurement of, 1157 

clips for, 426 tuned anode method, 363 of multi-layer coils, 446 

connexions, 1055 High Tension, Sve also Low ‘Tension miitual—Campbell’s bridge measure- 
Dubilier, 1056 Battery. ment, 455 

Filtron, 934, 1056 battery for anode cirenit, 102 mutual, formulae, 1456 

formulae for, 1281 battery box, 1121 mutual measurement of, 1179 
function, 1055 hattery, by-pass condenser for, 313 non-inductive resistance, 1473 


graphite, 1056 battery, doing without, 2146 of single-layer coils, 445 
how to make, 1057 battery, general description, 1130 switch, 1167 
battery, heavy type, 14 of toroidal coils, 446 


indian ink, 1056 

Lissen variable, 220-4 battery, Hellesen, 748 
oscillation effect on condenser, 1499 hattery, how to make, 214 
pointer for, 1564 battery, Siemens, 215 values of de Forest coils, 660 
Polar Blok, 1569 battery, testing for taults, 903 values of [granic coils, 1144 
scientific tyne, 1055 B battery, 220 Inductance Coil. See also Coil. 
transmitting, 2068 cable, 334 aerial at 6 RJ, 2080 
Watmel, 1057 cartridge fuse, 380 aerial tuning, 51 

Grinding. See also Tools. cirenit, 1131 aerial tuning coupled, 117 
bench grinder, 1063 dry battery, 743 basket coils for A.17.1., 757 
cold chisels, 1063 neon lamp for transmitter, 1464 be-t shape for, 1159 


transmitting, 2090 
tuning? 1169 


` . 
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i 


hand grindstone, 1061 supply at 5 LS, 2071 Burndept, 301, 444 
lathe, 106. transmission supply, 2068 dead-end effects, 651 
stone used for, 1060 Unidy ne 2146 de Forest, 659 


treadle, 1061 Honeycomb Coil. See also Coil. Eiffel tower, SIL 


twist drill, 1063 bobbin for, 1134 Ç former for, 1166 
H how to make, 1154 helical tapped, 1963 
Tgranie gimbal, 1133 high-frequency siider, 1116 


Hammer break on induction coil, 10734 plug-in, 1133 how to make, 1163 
1174 winding, 1135 Íeranie, 1141 
choice, 1071 |Hot-wire Ammeter. See also Amnmneter| iron-core. 1212 
interrupter, 1204 construction, 1137 lap-winding, 1261 


Handles, See also Coil; Condenser, principle of, 69, 1138 Lissen, 2153 
adaptahle tool, 2026 theory, 1137 i loading, 1501 
control, 892 Howling. See also Reaction; Tuning. Jow-frequeney iron-core. 1349 


causes, 1139 musical inductanee, 1456 

tracing faulty due to, 1140 Oojah basket, 1494 
Hoyt-Taylor, system to reduce atmo- Oojat slab, 1494 

spheries, 152 panel for inductance coil unit, 1165 

Hydrogen, aton. 848, 850 sipele-slider, 1533 

dieleetrie constant, 6S4 sliding, 183; 
Headphones. See Telephone. Poulsen’s discovery, 1141 space-winding, 1857 
Heaviside Layer, action of, 284, 1092 properties of. 1141 spider-web, 1870 

distortion effects of. 720 specifie gravity, 1141 spiral, 1873 

sliding theory, 1092 Hydrometer, accumulator acid testing} switch, 1166 


chisel, 2026 
screwdriver, 2026 
Harmonies, circuit diagram for, 1087 
Q harmonic motion, 1086 
in sound, 1087 
sine curve, 1820 


a theory, 1092 1868 switch arm, 1165 
Heterodyne, See also Beat Reception: tur one 1141 tapped, 442, 447, 1168, 1956 
Oscillation. Hicks. 1101 tappings, 1163 


testing for faults, 907 


Hysteresis. See also Iron: Magnetism, ? 
theory of, 824 


definition, 1142 


auto, L70 ` 
antodyne circuit, 1497 


dissonance, use of in, 716 dieleet ric, Gt tuning, 1169 

equal, 87: Joop, 1143 two-slider, 1833 

local oscillator, 1302 losses in tron, 1213 varieties, 1163 

Marconi heterodyne unit, 1099, I Induction, calculation of, 1172 


coupling formulae, 1361 
current, 1171 

dynamo, 1172 

electric, 815 


negatron valve for, 1462 

optimum, explained, 1495 

oscillator, P.M.G.’s regulations, 1290 
reception, 226 


Impedance, coil, 1147 
curves of, 1146 
definition, 1115 
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Classified Index 


Induction, electro-magnetic explained, S40 Insulator, lead in, 1280 


¢lectrophores method of, 853 
electrostatic, S65, 1170 
formula, 1172 
induced current, 1 
induced IMAP. 1 
influence machine, 
magnetiese, 1170, 1364 
nett ual, detined, S24 
principle of electro magnetic, 1375 
theory, 1170 
Zero value in iron, 1143 

Induction Coil, contact breaker for, 521 
Grisson interrupter for, 1062 
hatl-ineh spark. 1175 
hammer break for, 1073 
mercury jet interrupter for, 1417 


iples of, 1174 
six-inch spark, 1176 
types, 1173 


voltage induced, 1174 
Induction Motor, three-phase cirenit, 175 
Inductor Alternator. Sve also Alternator. 
hinetions, 632, 1180 
Insulated, : , 1183 
knobs, 115 


sleeving, 1831, 2049 
screws, 1183 
staple, 1184 
wire, Systoflex, 1952 


Insulating Materials, adit, 30 
ambroin, 63 
asbestos, 148 
asphalte, 148 
bakelite, 182 
black tape, 247 
Dlack wax, 248 
celluloid, 389 
Chatterton’s compound, 
condensite, 508 
dielectric constants, 684 
dielectric strengths, 683 
ebonite, 1185 

gene ral description, 1184 


411 


rubber, 1151 
ivorine, 1216 
isolit, 1216 
list of, 1185 
mica, 1425 
micanite, 1425 x 
micarta, 1426 
miecanite cloth, 1426 
paraffin paper, 1525 
paraffin wax, 1526 
Paxolin, 1529 
piteh, 1545 
porcelain, 1185, 
presspahn, 1611 
rubber, 1765 
sealing wax, 
shellac, 1803 
vuleanite, 2215 
wax, 2231 
Insulation, acrial, 1186 
breakdown effects, 1805 
ot cardboard tubes, 372 
of copper wire, 535 
insulating sleeving g, 1831, 1952 
materials for, 1184 
megger for measuring, 1415 
methods of, 1185 
removing from coils, 519 
removing from flex, 945 
Systoflex, 1952 
testing for, 1996 
of wooden baseboard, 1185 
Insulator, barrel, 199, 1187 
bobbin, 254 
Bradfield, 266 
Bradfield, anti-spark disks, 118 
button, 306 
corrugated, 538 
eowl, 550 
deck, 655 
ebonite, 801 
ceon, 803 
ezg, 805, 1187 
Kitfel Tower aerial, 806 
fluted moulded, 1187 
insulated cyes, 1183 
insulated knobs, 1183 
insulated screws, 1183 
insulated staple, 1184 
knobs, 1247 


1576 


1785 


x 


partition, 1529 
porcelain. 1187 
porcelain cleat, 
reel, 1669 
Rendah, 
silvertewn, 
strain rou. 
strop, 1909 
stuffing box of Bradfield. 


1577 
1726 

1820 
1908 


1917 


LIS? . 
varieties used in wireless, 
voltage testing of, 2213 


1137 


why poor conduetor, 350 

Interference Elimination. See also Dirce- 

tion Finder; Frame Aerial. 

balancing aerial method, 187 
balancing wethod, 186, 1294 
balaneed carborundum crystals, 371 
balanced crystal method, 184, 371 
cirenits tor. 1193 
de Groot circuit, 1888 
Dieckmann cage, 683 
drain eireu:t method, 730 
eliminator, how to make, 
filter circuits, 932 
frame acrial, 1197 
Franklin circuits, 981 
Hoyt-Tayler circuit, 
jamming, 12 
limiting devices, 1292 
Lissen wave-trap, 2230 
Marconi X-stoppers, 1387 
preventers, 1197 
rejector circuits, 1707 
Rogers circuit, 152 
silicon, nse in, 1816 
theory, 1198 
wave-trap, 2280 

Interrupters, automatic, 172 
buzzer type. 1203 
condenser, effect on, 1205 
clectroly tie, 836, 1206 
Grisson electrolytic condenser, 1062 
hammer, 1204 
mercury type, 1206 
motor driven, 1207 
types, 1203 

Tron, annealed, 99 
B.H. curve, 1362 
concentrating effect on magnetic field, 

1373 

core inductance, 1212 
expansion coefficient, 
filings, 1212 
flux density and permeability curves, 948 
galvanized, thimbles, 2003 
hysteresis of, 1142 
hysteresis loops, 1143-44 
Lohys, 1214 


1192 


153 


1712 


Jigger, description, 


Ind—Lea 


1228 
half-kilowatt, 1223 


Joints, dovetail, 315, 316, 1230 


dowelled, 1228 

housing, 316, 1280 
keyed joggle halving, 1241 
key mitre, 1241 

metal plates, 1231 
mitre, 1440 

mitre board, 1439 
mitre box, 1440 ' 
mitre template, 1988 
mitred tenon, 77, 979 
mortise and tenon, 1447 
repes, 1232 

stub tenon, 1909 

Wire, 1231 


K 


Key. See also Switch. 
base, 1238 
essentials, 1236 
feather, 1240 

gib. 1240 

mitre joint, 1241 
Morse tapping, 1237 
panel, 1238 

switch, 1242 
transmitting, 1237 
transmitting with safety device, 1237 
way, 1240 

woodruff, 1240 


L 


Lacquering, brass, 273, 1254 
cold, 1254 
hot, 1254 
methods, 1254 

Ladder, cat, 386 
erection, 1257 
extension, 1257 
types, 1256 

Laminations, alternator, 1259 
magneto armature, 1260 
for transformers, 161, 165, 1259 

Lathe, C.A.V., 1262, 1263 
change wheels, 1271 
construction, 1262, 1264 
face plate, 1266 
grindstone, 1062 
J.R., 1262-64 
milling machines, 1433 
packing lathe tool, 1516 
parting tool, 1272 
tools, 1265 

Lathe Work. Sre also Turning. 
aluminium turning, 64 
calibrating methods, 340 
chuck, how used, 1266 
coit winding, 457 
collet chuck in use, 1267 
countersinking with, 543 
dial making, 679 


losses, 1213 

magnetization curve of, 990 
malleable, 1386 

mast fittings, 1386 
permeability curve, 948, 1362 
pyrites, 1215 

solenoid etfect, 1534 
specific gravity, 1869 
stalloy, 1214 

uses in wireless, 1212 

wire, 1215 


J 


Jack. See also Switch. 
double closed, 1218 
double filament, 1218 
double telephone for use with, 1219 
G.P.O. pattern, 1221 
how to make, 1222 
mounted, 1 221 
and plug, 514 
and plug circuits, 1219 
plugs, how to make, 1222 
single closed, 1218 
single open. 1218 
telephone, 1219 
_varieties, 1218 

r Unit, value of, 31, 1226 


He drilling, 320 


coil holder, 1227 
steel, 1227 


Jigger, auto, 171 


2262 


drilling, 743-45, 1269 
drilling ebonite with, 795 
fixing work to face plate, 1268 
holiowing cup for gramophone attach- 
ment, 1047 
mandrel turning, 1272 
milling, 1434 
mounting block on screw chuck, 1267 
screw thread cutting, 688, 1271, 1778 
telephone carpiece making, 1270 
trueing up, 1268 
turning control knobs, 1250 
turning metal in, 1442 
turning wooden bar, 1267 
winding shell transformers, 2041 
Lattice Mast. See also Aerial ; Mast. 
construction, 44 
Elwell triangular, 1275 
self-supporting, 1276 
Lead in, at Berne station, 1279 
cage at Bournemouth, 1953 
fan antenna connector, 899 
importance of insulation of, 1186 
insulators for, 266, 1280 
multiple-wire aerials, 899 
testing for faults in, 905 
through window frame. 1278 
Lead Plate. See also Battery 
battery, 1278 
cell. 12 
Leak. See also Grid Leak. 
in condensers, 1281 


oe 


Lea— Mag 
Leak, curve, 1281 
formulae, 1281 
static, 1887 
Leakage, precautious against electrical, 
1252 
testing for H.F. leakage, 910 


Leyden Jar, charging. 1239 
construction, 1289 
discharging, 128¢ 
experiments, 356-57 
glass plate condenser, 1053 
Lodge's experiments, 1308, 
Lodge’s form, 1289 
tinfoil for, 2021 

Licence, broadcast, 1289 
constructor’s, 1289 
experimental, 888, 1289 
wireless, conditions for, 1289 

Light, photography by. 1537 
photophone transmissi 
rubidium, sensi 
selenium, itivity to, "1538, 
velocity of, 826 
wave-length, 1291 
waves for transmission, 1541 

Lightning, arrester, magnetron 

1383 
arrester, 1291 
switch, 1292 

Linseed oi, dielectric strength, 683 

Lodge, Sir Oliver 
biography. 1305 
coherer, 1307 
ether experiment, 582 
receiver, 1307 
syntonic jars, 1368 

g inductance, 


1952 


1791 


1308 


alinement chart, 57 
alternating current, 59 
electron, 845 
electrostatic capacity, 855 
ether, 876 

force, 949 

Foster bridge, 957 
ineommensurables, 1150 
index, 1150 

inductance, 1157 
induction, 1170 

leak, 1281 

logarithm, 1309 

Ohms law, 1484 
oscillation, 1498 
potential, 1586 


units, 

waves, 

Wireless and Other Waves, ili 
Loop Aerial. See olsu Acria’; Frame 


Aerial. 
for submarines, 1324 
how to make, 13¢ 
theory, 966, i3 
transmitting, 1 
Loops of Potential, ‘antinodes, 118 
Loose Coupler. See algae Coil. 
advantages, 1328 
. 445 
al receiver, 577 
tal receiver, how to make, 584 
how to make, 1329 
Polar Joose-coupled tuner, 1330 
principle of, 1328 
single slider, 1177 
stud switches, 1331 
types, 443, 1328 
vernier adjystment. 1329 
Losses, core, 557 
corona, 535 
hysteresis losses in iron. 1213 
leakage fux in transformers. 
Loud Speaker. Nee alsa 
Amnplification. 
adjusting mechanism, 1541 
amplification fauits, 912 
Baldwin receiver for, 199 
by-pass condenser for, 315 
choke coil, us with, 415. 1542, 2023 
crystal set. 
diaphragms, 
distortion in, 1341 
electro-magnetic, 1334 
electrostatic, 1335 
high-fre fueney 
1341 


20509 


tirant, 


Amplifier ; 


Loud Speaker, Lorn 1336 I 
how to make. 1342 
how to paek, 1515 
pole-pieces, 1575 | 
power amplifiers for, 1601 
principle of, 1334 
relay of, 133: 
switch, 1946 
testing for faults in, | 
tone filter, { 
tone iHnproveine ent of, 
types, Amplion, 93 
—-Crystovox, 13 
—Ethovox, 884 
—Frenophone, 989 
—Fuller, 1337 
—Geeophone, 1337 

1352 


003 


1349 


Magnavox, 
etropolitan- Vickers, 1424 
—Sterling, 1540 
—Western Eiectrie, 1339 
Low Frequency. See also Amplification : 
High Frequency. 
amplification faults, 912 
Surndept transformer, D 
capacit y-coupled resistance 
1346 
enrrent, 1349 
definition, 1315 
feed-back eireuit, 913 
frequency range, 1345 
general points on, 72. 156 
intensitier circuits, 11839 
jron-core inductance, 1349 
limiting voltage, 1205 
Round circuits, 17€ 
tone wheel conversion from H.F., 2025 
transformer, 1349 
transformer-coupled circuit. 1546 
transformer formulae, 1350 
transtormer principles, 160 
vector diagrams of L.F. traustarmer 
1349 
Low-frequency 


circuit. 


Amplifier. See 
Amunlifier; High-ireqgueney Ampliler. 
for crystal sts, 75, 559, 609 
al one-valve, 71 
dual-amplificution rece 
with dull emitters, 86 
Gecophone L.F.A., 1347 
general notes on. 72, 156 
Marconiphone, 1398 
note magnification, 171 
note magnifier, 1475 
Oracle, 1345 
Polar, 1348 
shel type transformer for, 2040 
‘Yingey, 1347 
two-valve, 80, 
types, 1345 
Western Electric, 
Low Tension. Sre «also 


1670 


CTs, 


157 
2232 
Accumulator ; 


Battery. 
A battery, 1 
(A.V. battery, 10 
definition, 1351 
D.P. battery. 729 
Exide battery, i0 


filament circuit battery. 1 


Fuller block battery, lú 
M 

Magnet. See abo Magnetism. 

action on iron tilings, p369 

artificial, 148 

bar. 199 

compound, 475 

consequent poles of, 516 


]'Arsonval g 
electro. theor 
cleetro, type 
field, 917, 1568 
flux density oh 
horseshoe, 1137 
lodestone, 1505 


vanometer magnet, 647 
R38 


B34) 


947 


amplification and tone, 


magnetic needle. 1460 
natural, J457 
permanent, 1534 
permanent horseshoe, 
polarized electro, 1573 
pole-pieces, 1574 
poles, 1573 
pole-shoes, 15 
soft iron electro, 1355 


2263 


1355 


‘Magnetic attraction. 


risol Magnetism. See also Electricity ; 


Classified Index 


1354 
1051 


1368, 1371 


Magnet, south pole, 
testing strength of, 


blow out, > 
blow-out circuit, 1356 
blow-out theory, 1357 
concentration, 1373 
coupling, 1559 
coupling coeilicient, 
density, 1561 
deusity curve, 
detector, 1563 ! 
equator, 1364 | 
Hell. bismuth for measuring. 246 

—core losses, 537 

—defined, 1364 

= Paraday’s conception, 1271 

— filing demonstration, 1269 

-——Calss unit. 1014 
—in coils, {270-78. 2 
= maintenance of, 137 
—ineasuring strength of, 1050. 
—representation of, F156 
—in Poulsen are, 124 
— reversed, or coercive, 
flux, defined, 1364 
flux density, 948 
flux, direction of, 
foree defined, 1364 
force. Fleming's rule. 
induction, 11 1364 
inductive capacity, 1361 
key, 1365 

key connexions, 
moment, 1566 
needle, 1306, 
necdle, angle of dip, 97 
permeability, B.H. curves, 234, 
permeability, definition or. 947, 
poles, 1366 
potential, 1589 
rehictance, 1365 
repulsion, 136, 


1364 


1362 


24 
i 


1580 
13a 


1021 


CO 


1365 
1459 


UBTL 
Magnet, 

Magnetic, ete. 
electro-magnetic effects, 822 
electro-magnetic induction, 
electro-maguetism, 5: 
field round coils, 
field round conduc tors, 
filings round magnet, 
flux density, 947, 136). 
free, 086 
hystere is theory, 
induced, 1156 
induction, H170 
isoclinie lines, 1216 
isodynamic lines, 1216 
isoyonic, lines 1216 
isomagnetic lines, 1216 
lines of force, 1295 
ic attraction, 136 
revit formulae, 135 

—concentration, 1373 

tensity, 1361 

— equator, 1364 

— field, 1364 

—Slax, 1364 

—toree, 1364 

— induction, 

= inductive 

hey, 1365 

—-moment, 1366 

—-needie, 1366, 

—-poles, 1366 

—potential, 1589 

—relictance, 1366 

—repulsion, 1368, 1371 

magnetization eycles, 1143 

magnetometer, 1380 

magneto-motive foree, 1281 

paramagnetic substances, 

permeability 34 

permeance, 1534 

pictorially explained, 

polar flix, 1 

reluctance, 17 

residual, 1727 

solenoid, 1849 

south pole, 1854 

ot steel bar, 823 

theories, 1366 

unit magnetic pole, 1364 
Magnetizing Force, theory of, 


1375 


1142 


172, 
capacity, 


136-4 
1361 


1159 


L527 


1369 


234 


Classified Index 


Magneto-motive Force 
definition, 1381 
flux density of a coil, 947 
theory, 1381 

Marble, drilling, 746 

Marconi, biography, 1391 
beam, 1393, 1807 
coherer, 1393 
double condenser, 1394 
duplex sets, 769 
filament resistance, 1394 
heterodyne, 1099 
Marconiphone, 1396 
microphone, 287, 1430 
wave-meter, 1406 
wireless bell, 1407 

Mast. See also Aerial. 
aerial, 41-43 
bands, 1412 
boucherising, 259 
box, 260 
box, how to make, 260 
burnetizing, 302 
butt of, 305 
construction, 1410 
Elwell triangular, 1275 
guys for, 1065 
lattice, 44. 1275 
pole, 41, 1410, 1574 
Radiola, 1633 
self-supporting, 
stay for, 1893 
steel, at Chelmsford, 1409 
tubular, 2097 
turret, 2137 

Matter. 
electrical nature of, 817 

Mercury, amalgams of, 67 
are rectifier, 16 
Castner cell electrode, 1417 
interrupters, characteristics of, 1206 
—on charging board, 409 
—in cut-outs, 169, 636 
—in Kiffel ‘Tower, 808 
‘et interrupters, principle of, 1417 
Licben-Reisz valve, use in, 1291 
in liquid barretter, 1296 
metal, 1417 
specific gravity, 1869 
valve rectifier, 1418 
vapour are, 1419 

Mesh. See also Delta Connexions. 
connexions, 1419 
definition, 661 


1276 


Metal Working. 


See also Electricity ; Electrons. 


See also Aluminium ; 
Brass ; Brazing ; Soldering, ete. 
annealing, 98 
brazing, 275 
bronzing, 1512 
cutting sheet. 1802 
drilling, 740 
engraving on, 872 
forging, 951 
lacqnering, 1254 
milling, 1433 
oxidizing, 1512 
principles of, 1421 
sawing, 1772 
screw thread cutting, 688, 1778 
shect. metal working, 1421 
silver soldering, 1817 
soldering, 1844 
turning, 64, 1442 
Mica, in condensers, 707 
dielectric constant, 644, 1425 
—strength, 683, 1425 
micanite, 1425 
—cloth, 1426 
properties of, 1425 
specimens, 1425 
use in accumulators, 474 
Microphone. See also Transmission. 
broadcasting, 282 
carbon diaphragms for, 367, 368 
—zranules for, 368 
condenser, 505 
constant current modulation, 517 
control, 286 
Friesson transmitter, 875 
flame, 937 
Goldschmidt’s method, 1429 
Jervis-Smith, 1226 
liquid, 1297 
Majorana’s, 1386 
micrometer flame, 1390 
Marconi, 287 
—hbroadcasting, 1430 
microphonic amplifier, 1430 
mouthpiece, 1452 
principles of, 1428 
skinderviken, 1827 
solid back, 1429 
sound box. 1853 
Sykes, 1948 
transmitter, 1429 
transmitting for amateurs, 2069 
Vanni liquid, 2203 
Western Electric, 287 


rectification for reducing ripple, 1421)Modulation, absorption, 9 


three-phase connexions, 1419 
Metals, aluminium, 62 

bismuth, 246 

brass, 269 

cadmium, 335 

calcium, 338 

cobalt, 431 

copper, 533 

dutch, 773 

gold, 1040 

iron, 1212 

lead, 1277 

lithium, 1298 

magnesium, 1355 

malleable iron, 1386 

manganese, 1390 

mercury, 1417 

nickel, 1470 

palladium, 1519 

phosphorus, 1537 

platinum, 1550 

potassium, 1586 

rubidium, 1765 

selenium, 1791 

silicon, 1816 

silver, 1817 

sodium, 1841 

tantalum, 1956 

tellurium, 1987 

thorium, 2005 

tin, 2020 

tungsten, 2116 

Wood’s, 2248 

zine, 2250 

zirconium, 2250 

expansion coefficients, 1712 

specific gravity, 1869 

—resistance, 1869 

why good conductors, 850 


Birmingham, room at, 246 
carrier waves, 378 
constant current, 516 
control in broadcasting, 285 
grid control, 1442 
Heising, 1093 
light method, 1542 
London—control, 1316 
modulated valve, 1443 
modulator transformer, 1443 
photophone means of. 1542 
theory, 1441 
Moment, displacement, 715 
Moretti Arc, clectrodes ‘or, 102 
atmosphere for, 126 
principle of, 1445 
Morse, automatic transmission, 1124 
inker, 1182 
code, omnigraph for practising, 1490 
—omnigraph, how to make, 1490 
practising, 1445, 1490 
key, 1446 
international code, 1199 
radiotelegraph abbreviations, 3 
reception of C.W., 526 
8.0.8. signal, 1849 
sounder, 1447 
tapper, 1964 
tapping key, 1237 
telegraph sounder, 1969 
Motor, blowing, 253 
buzzer, 1451 


Mag—Pai 


Moving-coil instruments, 1452 
~-instruments and damping, 
--G.P.0. detector, 666 
relay, 1453 

Musical Are, Duddell’s, 120 


N 


Neon Tube as amplifier, 1464 
as cymoscope, 641 
deseription, 1463 
uses, 1464 
Neutrodyne circuits, 1466 
condenser, 478, 502 
principles of, 1465 q 
receiver, how to make, 1467 
Nickel, Fleming valve use in, 941 
properties, 1470 
Night Effects on distortion, 719 
Noises in valve sets, 1527 
Non-inductive resistance, 112. 
winding, bifilar, 240 
Note Magnifier. See 
Amplifier. 
Nuts and bolts in wireless, 1478 
lock, 1480 
removing tight, 1481 
types, 256. 1479 


o 


Ohm’s Law explained, 842, 1481 
Oil key, 1486 
ring, 1487 
stone, 1487 
transformer, 2050 
varieties and uses, 1352 
Olive Oil, dielectric constant, 684 
strength, 683 
Oscillations. S22 also 
Valves ; Waves. 
aerial, how generated, 826 
algebraic expression tor, 988 
back, 182 
conditions for, 1504 
constant, 1502 
critical resistance for, 552 
effect. of negative resistance, 1460 
explained, 1499 
toreed. 951, 1509 
tormulae, 1500 
tree, 986, 1509 
‘ree, natural frequency of, 1257 
treqnency, 1502 
veneration of local, 1302 
impact. excitation, 1145” 
local, 1302 
logarithmic decrement, 1310 
oscillatory discharge, 1505 
oscillogram, 1506 
oscillograph, 1506 
Poulsen arc 1599 
resonator, 1741 
‘Tesla transformer, 1994 
testing valve for, 1140 
theory of, 852 
transformer, 1502 
—description, 171, 1228 * 
—half-kilowatt, 1228 
Oscillator, formula, 1504 
general principles, 1502 
Hertz, 1097, 1505 
local, 1302 
magnetic blow-out for, 1355 
master, 287 
multi-gap, 1504 
negatron, 1462 
open-circuit, 421 
at 6 RJ, 2079 
rod, 1748 
Oscillograph, cathode ray, 640 
eathode-ray tube for, 385 
Duddell, 1508 
magnetic control, 1509, 1510 
motor and mirror, 1508 
principle of, 1507 
transmission of photographs by, 153¢ 


P 


643 


Low-frequency 


Transmission 


galvanometer for oscillographs, 1506 |Paint, aluminium, 67 


no-volt release, 1478 
overload release for, 1512 
squirrel cage, 1883 
—rotor, 1883 

starter, 1886 
synchronous, 1951 


2264 


anti-sulphuric, 118 
applying, 1517- 
brushes, 1517 
fireproof, 1518 
luminous, 1518 
preservative, 1519 


Pan—Rec 


Panel. See also Ebonite. 
drilling, 1523 
lay-out methods, 1521 
mounting, 1523 
pencil-marking leakages, 1282 
Paper, condenser, 1524 
dielectric constant, 684 
dielectric strength, 683 
drilling, 745 ~ ` 
tilter, 934 
parafñn, 1525 
Paraffin, paper, 1525 
paper condenser, how to make, 1525 
wax, dielectric constant, 684 
wax for insulating baseboards, 1185 
Parallel. See also Series. 
cell connexions, 215. 1526 
resistance connexions, 1527 
Pen, dotting, how to use, 733 
drawing, how to use, 731 
Permeability. See also Iron. 
curves, 943 
definition, 1534 
magnetic, 234, 947 
measurement ot, 234 
Petroleum, dielectric constant, 684 
Photography, Campbell Swinton's wire- 
less method, 1955 
Fournier d’Albe’s method, 1537, 1986 
Rosing’s method, 1984 
Rutimer’s method, 1984 
theory, 1537, 1983 
Pitch, dielectric constant, 68+ 
properties, 1545 
Planté Plates, accumulator, 1549 
ot I.P. accumulator, 729 
original, 11 
Plates. See also Accumulator ; Battery. 
accumulator, 27 
accumulator on Faure principle, 729 
accumulator on Planté principle, 729 
blistering of accumulator, 248 
puckling of accumulator, 296 
condenser, 1549 
earth, 789 
Edison cell, 804 
Faure, 729, 912 
forming of accumulator, 956 
negative, 1460 
Planté, 729, 1549 
positive, 1586 
sulphate removal, 1913 
Plug. See also Jack; Terminal. 
battery, 1554 
four-prong connecting, 1554, 1642 
home-made, 1553 
and jacks, 1218 
short-circuiting, 1806 
and sockets, 1838 
temporary connecting, 1553 
varieties, 1553 
wander, for tapping, 1966, 2215 
Plug-in. See also Coil; Inductance Coil. 
basket coils, 210 
coil, 1555 
coil holders, 466 
coils, how to make, 452 
connectors, 524, 1556 
contacts, 513, 1557 
erystal detectors, 568 
high-frequency transformer, 1122 
inter-valve transformer, 1209 
reaction coil, 1560 
transformers, 1558 
Plummer Block bearing, 224 
Polarization, Daniel! cell depolarizer, 1373 
definition, 1572 
depolarizers, 663 
ether waves, 720 
Pole. See also Accumulator; Battery. 
definition, 1573 
finding paper, 1573 
mast, 1574 
pieces, 1574 
polarity test, 405 
shoes, 1575 
Polishing, aluminium, 66 
brass, 272 
ebonite, 799 
Porcelain, cleats, 425, 1576 
dielectric constant, 684 
insulator, 1577 
properties, 1576 
Post, binding, 242 


* 


Potential. See aiso Flectro-motive Force. 
difference, &13, 1589 
electric, 819 
electrical pressure explained, 1611 
electroscope method of measuring. 
of electrostatic field, 865 
energy defined, 871 
equipotential surfaces, 373 
magnetic, 1589 
measurement of, 1588 
rise and fall from generator, 1022 
theory, 1586 
Potentiometer, analogy, 1590 
applications, 1596 
Atlas, 1595 
battery test with, 1591 
in carborundum circuit, 369, 603 
circuit position, 1596 
Clark cell potentiometer test, 1591 
Drysdale A.C. for impedance measure- 
went, 1147 
Fuller’s, 1595 
G.E.C., 1594 
General Radio Co.’s, 1594 
graphite rod, 1592 
howling reduction with, 1140 
how to make, 1591 
Igranie, 1595 
liquid, 1592 
neutral point, 1465 
rotary, 1595 
theory, 1590 
Poulsen Are, action, 123 
connexions, 1598, 1853 
curve, 1498 
electrodes, 1599 
Power, amplifiers, 1601 
apparent, 119 
buzzer, 1609 
factor, 1609 
factor of condenser, 355 
true, 2093 
valve. 1609, 2189, 2195 
Preservation of wood by copper sulphate, 
534 
Preservatives, copper sulphate, 534 
creosote, 551 
Primary Cell. 
Battery. 
agglomerate Leclanché, 51 
balloon pattern Daniel!, 1612 
Barbier-Leclanche, 1281 
bichromate, 239 
Bunsen, 300 
Calland-Danieh, 1612 
Clark, 424 
crowloot, 646 
Daniell, 645 
Daniell depolarizer, 1573 
double-fluid. 722 
gravity, 1051 
Grove, 1064 
Teclanché, 51, 1282 
Menotti-Daniell, 646 
polarization, 1572 
porous pot, 1577 
Post-Office Leclanché, 1283 
sack Leclanché, 1283 
Siemen’s sack Leclanché, 1284 
single-fluid, 1821 
types. 1611 
Weston standard, 2233 
wet, 2233 
Proton. See aiso Electron. 
defined, 845, 1614 
nature of, 817 
Pump, Gaede. 998 
Punch. See also Tools. 
centre, 393 
various types, 1616 


Q 


Quadrector circuit, 185 
Quenched. See also Spark Gap. 
gap discharge, 1622 
gap transmitter, 1622 
spark, 1623 
spark gap, 1623 


855 


See also Accumulator ; 


R 


Radiation. See also Transmission; Waves. 
coefficient, 1626 
electrolines, 831 
electro-magnetic, defined, 840 


2265 


Classified Index 


Radiation, electro-magnetic, explained, 
$32-33 


of electro-magnetic waves, 967 
gliding theory, 1040 
Heaviside layer, 1092 
from loop aerial, L324 
resistance, 1626 
theory of, 852 
Radiogoniometer, Lellini-Tosi, 1044 
eolls in, 1042 
description and use, 229, 1042, 1632 
theory, 1043 
triangular loop theory, 1043 
Radiophone are lamp, 12! 
Radic-telegraph abbreviations, 3 
Range. See also Reception. 
blanketing effects, 1635 
crystal set range, 1659 
daylight effect, 648 
fading effect, 894 
Heaviside layer ctfect, 284, 720 
limits of, 717 
long-range three-valve receiver, 2009 
ving sets, map, 282 
screening effects on, 1777 
sunrise and sunset effects, 648 
of transmitting sets, 649 
valve sets range, 1659 


'Reactance, anode—ceoil, 110 


anode—unit, 1643 ° 
ball, 193. 
Barndept unit, 1644 
capacity, 1637 
capacity coupling, 546 
circuit, 1638 
evil, 1639 
coupling, 1639 
methods, 1638 
set, how to make. 1639 
Sterling unit, 1644 
theory and formulae, 1637 
units, 1644 
Reaction, on acrials, 1617 | 
anode circuit, 106 | 
anode grid, 1647 
armature, 130 
cirenits, 1616-47 | 
coil, 1648 
coil rotor, how to make, 1651 
condenser, 1649 
coupling coils, 548 
coupling and feed-back circuits, 014 
coupling, principle, 105 
damper, 1649 
Franklin circuits, 981 
grid, 1647 
howling, causes, 1139 | 


plug-in reaction coil, 1560 
D.M.G.’s regulations, 1290 
principle, 107 ! 
on second valve, 1647 | 
set, how to make, 1649 | 
telephone circuit explaining, 1645 
theory, 1645 
wave motion with, 1647 
Reception. See also Range, Transmission. 
automatic, 173 
Creed modulator for, 1126 z 
daylight effect, 618 | 
duplex, 769 


fading, 894 

high speed, 1124 

jamming, 1225 

Lepel system, 1286 

limits of, 717 

loading inductance effect on, 1301 

long-wave receiver, 1317 

long-wave tuner, 1322 

map of range, 282 

Marconi beam receiver, 1307, 1809 

Marconi multiple tuner, 1455 

Marconi wireless bell, 1407 

range of, 1635 

range of crystal sets, 1659 

Tange of valve sets, 1659 

screening effects, 1777 

short wave, 1807 

sounder for, 1854 

sunrise and sunset effects, 804 I 

theory of, explained, 826 
Rectification of A.C. current, 59, 532, 

553, 836 
erystal, 554 
general, 1666 


Classified Index Rec--Sho 


Rectification, valve, 1668 Remote Control, relay, 528 Rope, cased cord, 3594 ` 
Rectifier. Ser also Crystal: Valve, at Sainte Assis càtennary curve of, 351 
aluminium, 1667 of trains, 531 corde, 526 
cireuits using Fhaning valve, 043 Resistance See also Filament Resist-] eye-rplice in, 1874 
ehemical, 16, 411 ance: Rheestat. fittings for. 537 
Crypto comunetiating, 553 adjustable holder for, 112 splice strength, 1751 
etrolytie, 856 aerial, DO splicing, 1575 


rolytie, how to make, S37 anode, 112 thimble for, 2003 

eming valye, OFL blicklead. 246 wire, 1741 

frequeney chansi by valve, Blaxley variable rhoostat. 52: Rotary. See also Spark Gap. 
Grisson cleetrolytie interrupter bolometer method Gf measuring, 255 converter, 1751 

input for transmitter at 6 RJ, 2070 box, 1729 discharger, 1753 

henotron 230 Native ae resista, 1749 discharger, 714 


335 spark cap, 1754, 1865 " 
4 s bridge method of messur-| switch, 1755 k 
natural, $457 . transformer, 1757 
neon lamp tor, 1463 364 Rotor, cardboard, 1759 : 
Noden valve, 16, 1:71 ea coupled amplificr, 1104 drilling variometer, 745 
potential, 1500 casaeltv unit, 1732 ebouite, 1758 
three-phase trinsformer method. 1420] coi, 1732 hardweod, L749 i 
Tungar, t9, 2115 coil how to wind, 455 spindie, 1761 £ 
hos valve, 1668 continuously variable, 52: variometer. drilling, 745 e 
valve, 166s copper, 534 Rubidium, properties. 1765 
varieties, 1667 eft copper wire Jor wireless picture transmission, 1955 
Refraction, definition, 1681 conpled ampli , lish. 1205! Ruhmer Are, description, 127, 1756 
Kecles explanation, 16st coupled amptitier, 17 eetrodes of, 102. 1766 
of ether waves and distortion, 715 coupled intenstier eireuit, 1190 Ruling Pen, ‘ise of, 73 
Regeneration. Sve also Amolitieations! coupled valves, 1208 s 
Dual Amplification t Super-regenera- coupling, 1738 
tion, eritical, 551 Sainte- Assise, auto-transm i7 


at, 152. 4253 deiinitjon, 1727 induction coil at, 2131 
tive, 1379 earth how to test, 1998 Saturation, current, 1769 


Ariistrong cir 
Armstrong one- 


Armstrong three-valve superregenera-|  etfect om back BE.M.F.. 1043 magnetic, 1142 
tive noi. 1279 of Eureka wire, 885, 1740 solution, 1769 
coupling effects, 1685 tield regulator, 1700 Screw, binding. 


3 
ament types. 023 counterbore tor. 540 


enrves, showing effects, 1683 


function of Condensers Lor, filament, how to make. “6, 92¢ countersinking for, 542 
Haynes circuit, 1099 formula, 14156 cutting methods, 274, 685, 1777 
one-yalve cirenit, 1634 Foster bridge measurement of, 9; driver, 1779 
principles, 1685 of german silver, 1739 insulated, 1183 
regenerative coupling, 168s uhite, 1049 reads, B.A., 179 
regenerator unit, 3699 high. 1123 ds, cutting, 274. 685, 1777 
Reinarz, 1700 high-fregueney, 1116. 19282 threads, cutting on lathe. 1271, 177% 
super-regencraftion explained, 1915 high-frequency telephone», 1125 —sauue for measuring, 1010 
theory, L682 how to make filament, 76. 926 threads, how to make, 120 
tuned anode regeneration, 163846 inter-valve coupling, 545 threads, piteh, 1545 
Regenerative Sets, Cockaday, 131 iron, 1740 types, 1783 
Flewelling, 1916 laws of, L728 Search Coil. See also Direction Pinder. 
Flewelling super-regenerative, 1916 Lissen variable, 2204 exploring cecil, 892 
frame aerial, 192; Litzendraht cable H.F., 1298 function, 229, 697 
how to m: uke, 1688 manganin, 1399 Sediment, in accumulators, 20, 1737 
. 1689, 1920 Maxwell Wheatstone bri¢ge for mea-/Selector, Peto-Scott —switch, 1791 
i T1696, 1915 suring, 1161 switch, 1783 
Relay. Allstrom’s, 1793 measurement of, 1727-28 for wir control, 529 
earthing, 701 metre bridge measurer i Selenium, eoll, 179i 
electromagnet suitable for, $39 negative, 1460 cell circuit. 15-44, 1792 
leetron, S52 non-inductive, how to wird, 1473 cells, for wireless phctozraphy, 1523 
speed, ror transmission, 1129 obmmeter Tot meas uring, 1432 i ri i 7 
hot- wire; 1712 Ohtn's laws, 1484 
jet, YY 12 in parallel, 15 2 
key, 1721 of platinoid. 1740 | sensitivity “to light, 
light, 1539 radiation, 1626 for wireless transmission of pictures, 
local battery. 1302 relationship between current, FMT. 1Es4 
madnetic key, 1365 and, RH Separate Heterodyne. See also Hetero- 
Mareoni, 1713 of resista, 1740 dyne; Beat Reception. 
moving-coil Tf ot rheostan, 1742 reception, 226 
moving-iron, 17 in series. Separators. Nee also Aseumaulators, 
non-indactive, 1 “Hi `, 1869 nectinulator plate, 7 1794 
for remete contre See also Paralel; Shunt, 


seleninm, 1792 variable starter, 1896 ` fopnerions, 215. 

short distance control, 528 wites, 1739 in. 1784 

stations, 1721 Resonance. Sve also Oscillator. oi, i795 

thermal, 1712. curve, 1741 coil and condenser in, 1795 

types, 1711 Quin resonater, 1511 condensers in, 359 
Relaying. See also Proadeasting ; Trans] photography by—method, 1541 dynamo winding in, 1799 

mission. resonator, S741 multiple, 1795 

from. America, 1715 theory of, 1740 parallel, 1794-95 

Biggin Wil, 1716 transformer. 1741 parallel for cells, 215 

from broadecastin stations, 1714 Resonator. See also Oscillator, paralel switch, 1795 

at 2 LO, 1515 Hertzian, 1741 es in, 1794 


at Wembley, 1718 
Release, cl-etro-maunetie, defined, 840 


short -w 
ü s Ig wound, 1799 
no-valf. LATS, 1556 Rheostat. Nre also Filament Resistance ;\Shellac, dielectric constant, 684 


ave condenser, 1811 


overload, 1512, 1826 Resistance. properties, 1804 


Reluctance, definition, 1722 Burndept. dual, 1743 varnishing with, 1804 
magnetic, 1366 definition, 1742 Short Waves. See ulso Transmission 
of magaetie cirenit. 1359 field, 913 Waves, 
and magnetic Hux-magnetoanotive filarient, ; aerial and reflector, 1508 
foree relation, 947 how to make, 1743 chart. 1803 
Remote Control, stireratt, -1723 Radio Insfrume: mts, 1743 circuit diagram for, 1810 
len wire control, 1725 Rogers”, Aerial, for reducing gatmospheries,{ condenser, 1811 
uit disgrani, 1724 difficulties of using, 286 
coherer for, 527 Rope, m: vking bight in, 240 Marconi beam receiver, 1893 1806 
Marconi at Radio House, 1722 bridle, 279 Marconi’s experiments, 1807 
2266 
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Short Waves, receiver, how to make, 1812 
receiving aerial, 1809 
transmission, 1807 
tuner for, 72: 
Shunt. See also Parallel ; 
for ammeters, 70, 1813 
circuit, 1815 
definition, 1813 
in galvanometer, 1813 
Shunt, shunted connexions, 1814 
wound, 1814 
Sockets, See also Jack; Plug: 
attachment, 1838 
plug, 1559 
valve, 1067 
various types, 1838 
Soldering, aluminium, 66, 1842 
brass, 272 
connexions, 2244 
contact studs, 523 
copper, 533 
flux for, 948, 1842 
hard solder, 1842 
iron, 1844 
Lamb’s torch, 1844 
lead solder, 1842 
methods, 1844 
silver, 1817 
silver, solder for, 1842 
soft solder, 1842 
solders, 1841 
tin solder, 1842 
wire, 2244 
wire terminals, 512 
Solenoid. See also Magnetism. 
definition, 1849 
iron effect on, 1534 
magnetic field of, 1849 
magnetizing force ot, 947 
rule, 1849 
Sound, box microphone, 1853 
importance in wireless, 1850 
pitch in, 1545 
speed of, 1850 
theory, 1850 
transformation to varying current, 1852 
Spanner, adjustable, 1859 
box, 263 
double-headed, 1859 
L-shaped, 1860 
varieties, 1859 
Spark. See also Discharger; 
mission. 
coil, 1861 
coil for transmission, 2069 
coil interrupter, 172 
coupled circuit, transmitter for, 2051 
definition, 1861 
detector, 1862 
dictaphone recorder of frequency, 994 
discharge, 715 
Fleming spark-frequency recorder, 994 
frequency, 1863 
gap, 1863 
high-frequency spark system, 1116 
induction coil, 1174 
length, 1864 
photographic spark frequency recorder, 
995 
quenching, 1624 
shunted buzzer preventer, 1814 
systems surveyed, 2051 
timed, system, 2052 
timed—transmitter, 2019 
transtormer, Marconi, 712 
in transmission, 1862 
transmitter, Biffel Tower, 809. 
transmitter. Marconi, 712, 714 
Spark Gap. See also Discharge ; 
mission. 
anchor type, 94 
arcing, 120 
arcing, prevention of, 201 
asynchronous, 150 
back oscillation, 182 
Baldwin receiver, 189 
Chaffee, 395 
chopper, 417 
cooling, 1623 
cymoscope, 639 
defined, 1008 
discharge, 1863 
electrodes, 1864 
Fleming’s silencer, 1816 


Series. 


Terminal 


Trans- 


Spark Gap, gaskets for, 1008 
glass silencer for, 1039 
Hertz ee illatory, 1863 
Lepel, 35 
tor low oe 1865 
micrometer, 1428 
muiutipfe, 1008 
oseiHatory discharge across, 
Peukert diseharger, 1534 
Poulsen, 1595 
quenched, 1623 
rotary, 710-714, 1754, 1865 
rotary discharger, 1753 
rotary š kw. twin generator, 

safety on condenser, 481 

silencer, 1816 
synehronous disk discharger, 1950 
Telefunken, 1968 
transmitting, 1865 
wave propagation trom, 332 
Yagi, 2249 

Sparking, buzzer, 1867 
dynamo, 186% 

Spelter. See also Brazing. 
use in brazing, 275 
properties, 1870 

Spinning aluminium, 66 

Spreader. See also Aerial, 
bamboo, 195 
tour-wire, how to make, 
twin-wire aerial, 2140 
types, (877 

Staining, cabinets, 319 

Starter, auto, 174 
motor, 1886 

Stoppers, for accumulators, 28 

Strainer. See also Aerial; Spreader. 
adjustable, 31 
aerial, 41 

Stud. See also Contact. 
clip, 1910 
contact, 522 
switch, 1911 

Stuffing Box, on Bradfield insulator, 267 

1912 
definition, 1912 

Sulphation, See also Accumulator, 
in accumulators, 20, 1912 
prevention of, 1914 
removing from plates, 1913 

Sulphuric Acid, for accumulators, 19 
anti- -sulphuric paint, 118 
carhoy for, 371 
use in Daniel! cell, 645 
diluting 1914 
strength for accumulators, 1915 
uses In wireless, 1914 

Super-regeneration. 

tion. 
advantages, 1915 
Armstrong circuits, 140, 146 


1505 


1032 


1879 


Trans- 


Bolitho circuit, 254 

cirevit, 1918 

Flewelling circuits for, 943 

howling tendency otf, 1140 

oscillator set, how to make, 

principle, 1915 

receiver, how to make, 139 

set, how to make, 1916 

theory, 136 

three-valve set, how to make, 1925 
Switch, aerial, 50 

anti- -capacity, how to make, 114 

arm components, 1936 

barrel, 200 

battery, 219 

B battery, 221 

hoard, 1939 

brushes for, 292 

capacity, 365 

change over, 398 

condenser, 505 

coupled, 1933 

Jor crystal and amplifier, 1944 

for crystal to valve, 1945 

for cut-outs, 1¢9 

dead end, 651 

dead end, how to make, 652 

Dewar, 677, 1936 

double-pole, 398, 1247 

double-pole, how to make, 723 

double-pole, double- throw, 1935 

double-throw, how to make, 727 

earth, how to make, 790 
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1921 


Classified Index 


Switch, heavy current, 1931 
how to make, 1935 
Inductance, 1167 
key, how to make, 1242 
knife, 1244 1933 
lightning, 1292 
lightning arrester, 1291 
Lissen, 1936 
loud speaker, 1946 
overload release, 1932 
plug switchboard, 1940 
range. 1635 
rocker type, 1928 
rotary, 1735 
tor, 1739 
parallel, 505 
parailel in crystal receivers, 558 
series-parallel, how to make, 1795 
single-pole, 398, 1244 
single-pole, how to make, 1245 
single-pole change-over, 1934 
sliding, 1936 
sparking at contacts, 1867 
stand by, 1884 
stud, 1911 
switehing systems, 1943 
swivel, 1947 
swivel, how to make, 
three-valve, 1945 
throw-over, 2015 
throw-over, how to make. 2016 
time, 2020 
tumbler, 1934 
tumbler, 2100 
two crystals, 1944 
two-valve, 1944 
types, 1931 
unsuitable, 911 
Symbols, chemical and electrical, 2 


T 


Tapper, decohercr, 656 
double. contact 1965 
key, 1227, 1446 
key, how to make, 1970 
sounder, 1447 
sounder, electro-magnetically operated, 
See also Coil; 


1970 
Jack; Plug. 
batteries, 1965 


Tapping. 
coils, 447, 460, 907. 1966 
inductance coils, 116: 3-6-4, 1956 
key, 1237 
sizes for B.A. serews, 179 
Taps. See also Earth. 
for earths, 737 
Taps. See Dies. 


1948 


See also Regenera-|Telefunken, arc system of, 123, 1967 


circuits, 1968 

crystal detector, 

spark gap, 1968 
Telegraphy. See 

‘Transmission, 

automatic high-speed, 1124 

duplex wireless, 187 

high-speed, 1973 

historical survey, 1972 

sounder, 1969 
Telegram, wireless, how sent, 1124 
Telephone. See also Loud’ Speaker: 

Microphone. 

amplifying, 91 

armature, 130 

condenser, 1974 

cord and connectors, n14 

for the deaf, 1980 

distribution’ board, 1974 

earpiece, how to make, 1270 

Gecophone distribution box, 1974 

gramophone attachment, 1046 

high-resistance, 1123 

how to wear, 1092 

Lissen distribution board, 1975 

mouthpiece. 1452 

pneumatic earpads, 1562 

principles of, 1852 

receivers, 1976 

Sorbo earpads, 782 

testing for faults, 905, 909 

transformer, 1980 

types, Bell’s original, 227 

—Brandes, 267 

—-Brown, 291 

~—Brown, Type A reed, 1977 


568, 1969 


also Broadcasting ; 


Classified Index 


Telephone, types, Brunet, 292 
—Dynaphone, 781 
x J.C. FONI 
isol, ST4 
— Federal, 1976 
— French type. 1979 
--Cecophone, 1123 
wndphones, 1075 
ladies, 1950 
—Sterling, 1091, 1977 
Telephony. Sve also Telegrapliy ¢ 
casting. 
duplex, 767 
historical survey, 1951 
Television. See also Photography. 
Campbell Swinton’s method, 1985 
Fournier D'Albe’s method, 1537, 1986 
energy u principles, 1983 
tosing’s method, 1984 
Rulimer’s method, 1984 
theory, 1537, 198 3 
Terminals, duo, 766 
eve, 1054 
mat connecting, 933 
Ge i and Cos, 1991 


dsroad- 


arip, 1903 

> 1653 
“yala, 1954, 1990 
split-pin, 1990 
substitutes, 1993 
telephones, 195 
Vvalve-socket, 1900 
varieties, 1989 
War Oifice, 1990 

Testing, buz for. 1995 
air condenser, 1995 
buzzer for low resistance, 1996 
accumulator charging, 18 
circuits with galvanometer, 1003 
combination | eee for, 471 
condenser: 


1992 


stal sets with bize 311 
rent pola 
faults in r ing sets, 904, 909 
filament circuit, 297 
howling faults, 1140 
insulation, 1415 
megger for, 1415, 1996 
Menotti cell for, 1417 
resistance of earth leads, 1998 
sliding contacts, 520 
sparking buzzer for, 1867 
valve cfliciency, 1996 
valve for oscillation, 1140 
voltage of insulators, 2213 
wire polarity, 1996 
Thermo-electric 
Ammeter, 
description, 1999 
Marconi type, 2000 
principle of, 69 
Thermopile, junctions, 2002 
Moll, 1444 
principle, 2002 
sensitive type, 2002-3 
Threads. See also Screw. 
how to cut, 685 


Three-phase System. See Delta Connexions, 


Three-wire System, balancer un, 186 
battery conuexions, 2015 
protected, 2015 

Time Signals, apparatus for broadcasting, 

13514 
Big Ben, 2019 
Eiffel Tower, 2019 

Tools, band saw, 1770 
Dell-hangers gimlet, 2070 
bit, 246, 264 
brace, 264 
centre puneh, 293 
chisel, 413 
cirenlar saw. 1770 
counterbore, 540 
countersink bit, 542 
cramp, 550 
dies and taps, 635 
drawing instruments, 731 
drills, 737 
tiles, 927 
gauge, 1013 
ginilet, 1031 


Ammeter. See also 


Tools, gouge, 1045 
grinding, 1060 
hammers, 1071 
hand saw, 1076, 1771 
key-hole saw, 1771 
lathe, 1265 
level, 1257 
mallet, 1387 
marlinspike, 1408 
mortise chisel, 1448 
mortise gauge, 1450 
vilstone for sharpening. 1487 
paring chisel. 1528 
i arting tool, 1272 
ylanes and planing, 1546 
pliers, 1550 
plough plane, 326 
punches, 1616 
saws, 1769 
irraper. 1776 
terewc F 
seriber, 1 
Pte vibing bloc k, 1734 
shears, 1802 
spanners, 1853 
spokeshave, 1876 
SWAG. gauge, 1923 
taps, 1967 
tenon saw, 1771 
wire gauge, 1069 

Transformer. Sve also H` gh Frequency ; 

Low Frequency. 
aperiodic, 2034 
uto, 175-76 
Gosed core, 480, 1210 
condenser with, 503 
construction, 2028 
cooling of. 2030 
core construction, 2043 
coupled amplifier circuit, 1346 
coupled crystal set, 600" 
coupled intensifier cirenit, 1190 
e-upled L.F. amplifier, 1294 
coupled set. 2045 
coupling, 176. 1208 
direction finder, TOI 
earthed. why should be. 784 
eilicieney of, 
flux in core, 5 
formule for construction, 1350 
Tice magnetism of, 086 
functions of, 2028 
hedgehog, 1093 
hizh-frequenc ¥, 1117. 1632 
Jngh-frequency, how to make, 752-53 
1119, 2036 
high-. -frequene y, latitude of, 1274 
high-frequency, wave-length table, 2045 
howling, due to, 1140 
how to make, 164 
inter-valve, 1209 
inter-valve coupling with, 545 
jron-cored distortion, 718 
laminations, 1259 
i 29 


. 160, 1349. 1474 
owe req iieiier principles, 160 
Jow-frequency shell type. 2040 
modulator, 1443 

modulator for transmission, 2063 
oll, 2050 

open-core, 163, 1495 
open-core modulation, 2033 
oscillator, 171 

oscillation or digger, 122s, 1502 
pancake, 1519 

plug-in, 1558 

plus-in, how to make, 1122 
Polar, 1571 

principle of, 160, 824 137 
push-pull, 2033 

push-pull circuits, 2038 
resonance, 1741 

rotary. 1757 

Round circuit. 1763 
quadrature, 1619 

reaction circuit, use in 429 
resistance Joss, 2029 

series Winding, 2029 

shall, 1804. 2040 

shielded, 1804 

short cireuit of, 1505 

shuiat Winding, 2029 
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Transformer, Types, 
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Transformer, step-down, 1899, 2028 


step-up. 1899, 2028 

tank, 1055 

telephone, 1980 

testing, 2044 

three-phase, 661 

three-phase, mesh connexions, 1419 
transformation ratio, 2027 
transmitting, 2030 

types of, 162, 2028 

variable type H.F. plug in, 2033 
wave-length ranges, 2045 
windings, 176, 2029 


Burnilept Jow- fre- 

quency, 1350 
Connecticut, 163, 2032 
hiwe, 163 

Eure ka, 2033 
Fuller’s, 1931, 2031 
G.E.C., 2032 
GR: G 2034 
Teranie, 162 
Lissen T 2, 2034 

n T 3, 2034 

McMichael’ plug-in, 1414 
Marconi aperiodic, 2034 
Marconi enclosed oil-filled, 2031 
Marconi telephone, 1981 
Maxvol, 2032 
Oojah plug-in, 1494 
Sterling, 2032 
Sterling H.F., 1118, 1631 
Ste rling LF., 1210 
Tesla, 1994 


Transmission. See also Broadcasting. 


aircraft, 1722 

amateur, by W. Le Queux, 2064 

from America, 1715 

are lamp circuit for, 121 

automatic, 177 

automatic relay, 1365 

Berengaria transmitting set, 2059 

Berne lattice mast, 1276 

Bere station lead in, 1279 

blewing motor for, 253 

bre aking in, 

Brentwood w reless telegraph station, 
1128 

broadeasting, 281, 1311 

choke control, 416 

circuits, 419 

condensers for, 477, 482 

constant current modulation, 516 

continuous wave circuit, 2067 

eoupled-circuit trans mitter, 2051 

Creed keyboard perforator, 1125 

Creed Wheatstone machine, 1125 

directive aerials for, 1043 

disk discharger adjustment, 2052 

TLiffel tower, 805 

Ericsson microphone transinitter, 875 

fading, 804 

fan acrials for, 896 

Franklin circuits, 981 

Gell keyboard, 1019 

generating set for H.T. 
current, 1032. 

generators for, 1019 

of gramophone records, 1855 

halt-plate condenser ior, 1065 

Hartley circuit, 2074 

Heising modulation, 1093 

helix for, 1093 

high- -specd, 253, 1124 

high-speed relay, 1129 

historical survey, 1 

H.T. generator at ee on, 1629 

H.T. supply, 2063 

inductance coil at Sainte Assise, 2134 

Jamming, 1225 

jigger, Xt 

L avrial for, at Ongar, 1258 

Lepel system, T 55 

lishi method. 1541 

London broadcasting station, 121) 

MeLachlan recorder, 1413 

main condenser for, 1385 

Manchester station, 1383 

Marconi wireless bell, 1407 

microphones for, 1428 

modulation circuits, 1442 

Morse tapping key, ae 37 

moving coil relay, 1453 

multi-acrial system, 184 


and LT. 


f 
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Transmission of photographs, 1986, 1537 
portable sets for, 1581 
power buzzer, 1609 
quenched gap transmitter, 1622 
from Radio house, 1124 
Radiola, 1633 
range of, 1635 
relaying, 1714 
relay key, 1721 
relay stations, 1721 
remote control, 1722 
rotary discharger ship’s at 2056 
Round valve, 1764 
screening effects on, 1777 
seven-valve ship’s transmitter, 2061 
ships’ transmitters, 2054 
short wave, 1807 
short wave condenser, 1811 


short wave transmitting aerial at: Inch-|Tuning. 


Keith Island, 1808 
Siemen’s cabinet transmitting set, 2060 
six are cireuit, 122 
smoothing circuit, 1836 
smoothing unit at 5 LS, 2072 
spacing coil, 1858 
spark, advantage, 2052 
spark coil for, 2069 
spark, explained, 1862 
spark frequency, 1863 
spark systems, 2051 
spiral inductance, 1373 
sunrise and sunset effects on, 894 
Swiss commutator, 1930 
synchronous disk discharger, 1950 
T aerial at Bournemouth, 1953 
tapped inductance for, 1964 
tapper, 1964 
Telefunken, 1967 
telephony, historical survey, 1931 
Tesla transformer, 1994 
theory of, 826 
thorium in transmitting valves, 2005 
ticker, 2018 
time signals, 2019 
timed spark system, 2052 
tone wheel, 2025 
transformer for, 2030 
transmitting condenser, 2089 
transmitting inductance, 2090 
transmitting key, 1237 
transmitting key, how to make, 1238 
trench transmitters, 1033 
United States, 2152 
valve systems for, 2052 
Wembley relay, 1718 
Wheatstone printing telegraph, 1613 
Transmitter, aeroplane, 2064 
aircraft communication, $ kw., 2063 
are, 123 
are at Carnarvon, 2062 
Berengaria apparatus, 2059 
at Berne, Switzerland, 1095 
2 BGM, 2073 
at Birmingham, 244 
broadcasting, 280 
Bull, 298 
at Cardiff station, 377 
Chaffee spark, 395 
chopper, 417 
Colin-Jeance, 470 
condenser system, 2089 
construction, 207] 
Creed Wheatstone high-speed, 1125 
half-kilowatt ship’s, 2058 
Je Queux’s set, 2070 
5 LS, 2071 
at Manchester station, 1388 
quarter-kilowatt ship’s, 2053 
Rigi, 2065 
6 RJ, 2073, 2082 
seven-valve ship’s, 2061 
ship’s rotary discharger type, 2056 
Siemen’s cabinet, 2060 
timed spark, 2019 
Tingey transmitting set, 2055 
tuning lamp, 1260 
unit system, 2054 
Trigger Disk, description, 2092 
300 kw. transmitter, 713 
Tuned Anode. See also Amplification ; 
Amplifier. 
advantages, 2100 
circuit diagrams, 106, 363, 758, 1686, 
2103, 2104 


Classified Index 


Tuned Anode, coupling reaction coil, 428 |Units, kelvin, 1233 


example of, 108 
method of H.F. amplification, 1103 
set, how to make, 755 
two-valve set, how to make, 2101 
three-valve sct, 2104 
Tuner. See also 
Variometer. 
double-range, 725 
double-slide, 727 
how to make, 2108 
long-wave, 1 
Marconi multiple, 1455 
panel at 6 RT, 2080, 2085 
three-slide, 2006 
types, 2108 
universal, 2166 
Tungar Rectifier, description, 16, 2115 
See also Coil; Inductance Coil : 
Condenser. 
of Armstrong receivers, 140, 145, 148 
balanced crystals, 184 
broad, 289, 1800), 
brush for, 205 
buzzer, 2131 
coil, 2131 
coil stand, hew to make. 2131 
stal receivers, 557-58, 572 
tal receivers with amplification, 


Inductance Coil; 


629 
detuning, 676 


faults i 
filter cireui 
flat, 939 
inductance, 1169 
inductive coupling for, 547 
lamp, 2136 
Lodge on, 1307 
loose couplers for, 1328 
note or tone, 1478 
principles, 2417 
reaction damper, 1649 
rejector circuits, 1707 
sharp, 1800 
sharp, lay-out for, 1801 
single-slider coil, 1833 
spade, 1396 
spade for transformers, 1631 
switch, 2137 
syntony, 1952 
tone, 2025 
tone filter, 2022 
three-slide tuner, 2006 
two-slider coil, 1833 
Turning. See also Lathe Work. 
brass, 271 
ebonite, 798 
metal, 1266 
wood, 1266 67 
Turpentine, dielectric constant, 684 
T.Y.K. Are, use of boron in, 259 
description, 2141 
electrodes 102, 127 


U 


Units, absolute, 9 
ampere, 70 
ampere-hour, 70 
ampere-turn, 70 
Angstriim, 97 
article by Sir O. Lodge, 2160 
B.A., 220 
B.A. ohm, 1729 
Board of ‘Trade, 253 
Board of Trade ohm, 1729 
British system, 280 
British thermal, 296 
caloric, 355 
C.G.S., 393 
coulomb, 540 
of current, 70 
dyne, 782 
electric, 393 
electro-magnetic, 840 
electrostatic, 867 
erg, 874 
farad, 901 
foot-pound system, 949 
gauss, 1014 
henry, 1096 
horse-power, 1136 
international, 1200 
jar, 1226 
joule, 1232 
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kilowatt, 1244 
magneto-motive force, 70 
metre, 1423 
mho, 1425 
oersted, 1482 
ohm, 1482 
poundal, 1600. 
power, 1600 
quantity, 70 
secohm, 1785 
volt, 2213 
watt, 2216 
Weber, 2231 

Unit Sets, anode reactance, 1643 
cabinets for, 320 
condenser for, 506 
erystal detector unit, 569 
detector, 671 
H.F. amplifier, 89, 1627 
induction coil, 1165 s - 
1... amplifier, 77 
Peto-Seott single valve, 1823 
Polar Blok system, 1564 
reactode unit, 1654 
regenerator, 1699 
resistance capacity, 1732 
Sterling, 2165 
Sterling smoothing, 1847 : 
Vingey, 2166 
universal unit set, 2169 
valve transmitter, 2054 


v 


Vacuum, Gacde pump for, 998 
tubes, canal rays in, 356 
—vcathode rays in, 385 


—Coolidge 8 
—Crookes, 
—Varaday dark space, 902 


er, LOLS 
—X-ray, thorium control, 2005 
Valve. See also Broadcasting ; 
mission. 
action in transmitting, 2052 
amplifying, 92 
balanced for reducing atmospherics, 
1888 
blue glow in, 253 
characteristic curves of, 402, 2192-93 
characteristies, measuring, 1835 
control, 525 
control in broadcasting, 283, 283 
coupling between, 1207 
detector, 675 
dull emitters, 87, 761, 14105, 2231, 2249 
Edison effect, 804 
Eitfel Tower transmitting: 812 
filament of, 921 
Fleming’s invention of, 1973 
four-clectrode, 959, 2146 
four-clectrode intensifier circuit, 1191 
Gaede pump for, 998 
gencral article, 2178 
grid, 1052 
hard, 1086 
holder, 2178 
hoider, Holderstat, 1570 
holder, rubber packing for, 1515 
leg, 2179 
modulator, 1443 
oscillator, 2180 
packing, 1514 
pancls, how to make, 666 
power, 1609, 2189, 2195, 2232 
principles of three-electrode, 401 
reception, 2185 
rectifying, 1668 
regenerative circuits, use in, 141 
Round, 1764 
Round transmission, 1765 
saturation current, 1769 
saturation point, 1769 
sheath of Cossor, 1803 
sockets, 1838 
soft, 1841 3 
space charge, 1854, 2146 
testing for faults in, 908 
thorium in, 2005 
transmission, 2052, 2196 
transmitting, use of argon in, 127 
two-electrode, 401 
Valve, Types. Audion, 168 
B.T.H. B4, 2187, 2191 


Trans- 


Classified Index 


Valve Types. Cossor, 538, 
— J.E. Marconi-Osram, 
2191, 2193 
~-D.ELR., 2190, 
—Dextraudion, 
—duli emitter, 
2249 
--Dutch, 774, 1841 
dynatron, 731 
—Kdiswan A.R.. 
Fleming tw 
French, 
kenotron. 
“Langmuir, 1260 
Lick en- Reisz, 1290 


SIN? 
7601. 


, 2191 
2186, 


2193 


“761, 1403, 2231, 


O75, 
-eleetrode, 


2191 
941 


„aiM 
7 5, St, 


2193, 2195 


~-magwetron, 1382 

a oni R, 2136. 2192 
@— Marconi 2.2.4., 676 

M.O. 100 watt. 2197 
M.O. power, 2189 

»=M.O. 1.5 w SU, 2102 
31. T A 

“AR s 90 


== M.R 


Noden, 
a= pliodynatron, 
— pliotron, 
—Q. 162 
—QN. 1625 
== Round, 
T.A 2197 
= U3, 1668 
—water-cooled, 
-= Weco, 2231 
—Niraudion, 2249 

Valve Sets, choosing, 1657 
packing, 1515 

Valve Sets, How to make, See also Am- 

plitier; High-frequency Amplifier ; 
low-freaueney Amplifier. 
—Armstrong super-regenerative 
reeeivers, J33 
—-audio- frequene y amplifier, 156 
— aty tuned anode, 2101 
~-Cockaday, 451 
—detectot unit, 671 
—detector panel, 666 
--dulal amplification, 749 
-experimenters valve panel, S89 
--Klewelling, 1916 
iour- valve set, 961 
—frame aerjal set, 975, 1 
—hanging set, 1077 
—-H.F. amplitiers, 611, 621, 
—H.F. amplifier units, 1627 
—HH.F. ane uve 89 
HF. and L.F. stal amplifier, 
=- home construe tor s, 1132 
—long-wave receiver, 1317 
—-low frequency to crystal, 609 
--low frequeney one ve for crystal, 
75 
——Myers valve, 2182 
hentrodyne receiver, 
-note magnifier, 1475 
- one-valve detector, 666- 

-one-vabve dual ansplitie 

~one-Vvalve power amplifier. 

Polar Blok set, 1564 

Apart $; 022 : 

> reactance 1630 

~-reacfion two-valve, 1649 

-—reflex one-valye, 1670 

reflex three-valve, 1673 

~-regenerative set, one-valye, 


2199 


1105 


2180 


1467 


671 
T49 755 
1604 


1659 


~regene rative set, one-valve with 
1695 
1701 
OL SY amplifier, 173: 
ngle -valve, 1824 
P. 100. 1894 
—super-regenerative, 1916 
— tiree-valve super- re generative, 192: 
—three- valve transformer - nlai 
2009 


Valve Sets, transformer-coupled 
—Uwo-valvo with dull emitte 
—tuned anode sets, 2101 


—two-valye L.F. amplifier, 80. 157 
—Unidyne, 2146 
—Universal tuner, 2166 
—Universal unit set. 2169 
Valve Sets. Types, American broadcast 
reception at Biggin Hill, 1717 


Aristocrat, 1664 
ristophone, 427 
—J F.H... 297 

—Burndept H.F., 
—(Culiinax, 1661 


> 1106 


-- Economic Electric, 1658 

—Kthophone, 882 . 

—Irame  acrial sujer-regenerative, 
192. 27 


—Fellophone, 914, 16.9 


| 
| 
| 


—HErenophone, 989 
—Gecophone, 1014, 1348 
—H.J", amplifiers, 1106, 1112 
-Lyrian cabinet, 333 
— Magnavox, 1353 
-Marconi H.F. 1106 
-Marconi tour- valve, 1663 
-Marconi three-valv'e, 1663 
—Marconiphone, 1396 


~-Mareoni’s 
fier, 1734 
—Metropolitan-y ickers, 1424 
—Oracle L.F. amplifier, a 
—Peto-Scott one-valve, 152 
— Polar L.F. amplifier, 1345 
-—Polar Radiophone, 1J07 
-~Polar seven-valve, 1665 


resistance-coupled ampli- 


terling four- -valve, i660 
Sterling H.F. 1106, 1631 
Sterling one-valve, 1823 


“Sterling speech amplifier, 1370 


Sterling Threette x, 661 
---Tingey L.E, amplie n LBAT 
-—'Ti ingey_one-valve, 1823 
-—Tingey super- five 2022 


--Tingey transmitting, 2055 

-—Tingey two- valve, 1959 

` Unit. system valve transmitter, 
Valve Socket, drilling tem plate, 1987 
Vario-coupler, Baty, 2192 

how to make, 141 

tuning unit, 2110 

types, 2205 
Variometer, advantages 

tuning, 574 

basket type. how to make, 

vonnecting strips for, 510 

connexions for, 515 

‘onstruction, 2206 
in erystal receivers, 
drilling rotor for, 74 
Tormers fo 3: 
Gee ponon, 
CRG, 


2054 


of variometer 


750-7 


DDS 
3 


rotor widina 2207 
spindle, 1872 
stator, 1890 
stator from rubber ball. 1891 
testing for faults in, 907 
tuning 
te pes, 05 
winding stator, 1309 
Vents, for accumulators, 
iclfistment on loose coupler, 
Vernier, caliper gange, 10 2 
condenser, 
spindle í 
condensers, how to make, 489 
control for condens 184, 401 
devices, Various types, 935, 2210 
fine adjustment knob, 12: 
gauges, 10 
lever control 2214 
loose-coupler vernier deviee, 1329 
Yubber disk, 2211 
sliding induc tance, 1334 
tubular condenser, 2094 
worm-driven, 2212 
Voltage. Sve also Electro-motive Force. 
anode, 113 
battery, 214, 221 
lichromate cell, 
1 (dora, 78 


T 


24 
1329 


238 


Val— Wav 


Voltage, disruptive, 716 
drop, 257 
Leclanché cell, 1283 
dimiting, 1293” 
loss in accumulators 
potential explained, 
puncturing, of various materials, 683 
surges, 834 
testing for insulators, 
Virtual volts, 2213 

Voltaic Cell. See Primary Cell. 

Voltmeter. See also Amnicter - 

vanometer. 
calibrating, 344 
description, 2215 
double range, 726, 2214 
G.P.O. detector, 665 
Kelvin’ 3 electrostatic, 1234 d 
1 PT 


small voltage, 
Vreeland’s Are, electrodes of, 102 
w 


Wattmeter, action explained, 820, 2216 
Ferranti integrating, 221s 
integrating, 1188 
sumpner, 2216 

Watts, apparent, 329 
definition, 2216 
jneasurement or, 829 
true, 829 
wattless current, 2216 

Wave. Sve also Rac ation. 
amplitude, 94 
carrier, 378 
continuous, 523 
Cymoscope "to detect, 639 
damped, 642 
‘distortion of, 719 
double-humped. 722 

electro-magnetic, how propagated 

eiectro-magnetiv, theory, 825 

fiat-top. 9338 

frequency table, 990 

fundamental, 996 

gamma, 1008 

gliding theory, 1040 

harmonies of, 1087 

Heaviside lay er. 1092 

Hertzian, 1097 

impure, 1158 

intr: red, 1182 

interrupted continuous, 

Lissen wave trap 2230 


2213 


Gal. 


, O37 


1200 


logarithmic decrement, 1310 


long-wave receiver, how to make, 1317 


` see 
Caark cell. 
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long-wave tuner, 1322 

oscillograms, 1506 

oscillograph, 1506 

production of, 826 

pure, 1619 

radiation of, 967 

reflection of, 1669 

ranges for EF. transformer windings 
2045 

retraction, 1681 

Röntgen Tays, 1745 


S, 


short, 1807 

short-w ave condenser, 1811 

short-wave receiver, how to make, 
1812 

sound, ee 

theory, 

tuner for icing and short, 

ultra-violet, 2142 

wave trap, 2230 * 

Wireless and other waves, sir O 

Lodge, iii, 2225 


X-rays, 22- 1s 

Wave-length, of aerial, 37 
alinement chart for, 58 
of basket coils, 202 
broadcasting, 231 
Burndept coil ranges, 301 
cymometer measurement of, 638 
de Forest. coil ranges, 660 
formula for, 638 
frame aerials, 968 
heterodyne wave-meter, 1100 
Tgranic coil ranges, 1144 
loading coil, 1300 
measurement of, 851 
natural, 1457 
Oojah coil ranges, 1494 


Wav—Zin 


Wave-length, slab coils, 1830 


Wire, brass, 270 


table, 2219 B.W.G., 312 
‘Wave-meter, action, 2220 vable, 334 


Classified Index 


Wollaston 
8 


Wire, 


Wireless, control, 


for barretters, 


527 


200, 


construction, 2223 copper, 534 mechanics for wireless amateurs, by 
Donitz, 721 copper, resistances, 1729 E. W. Hobbs, xxv 
Fleming's, 637 cotton covered, 539 pleasures of, by E. Blake, vi 
heterodyne, 1100 double cotton covered, 722 secing by, 1983 
Mareoni, 1406 enamelled, 870 theory of, for amateurs, by Dr. J. A. 
Mark TV, 2220 flex and its uses, 845 Fleming, xi 
types, 2220 galvanized iron, 999, 2229 wired, 2239 
variometer, 2208 gauges for, 1009, 1014 wonders of the future, by N. W. 
Wax, black, 248 general properties, 2239 McLachlan, xxix 
paraffin, dielectric constant, 684 gold, 1040 Wiring, binding post, 242 
parafiin, for insulating c ardboard tubes, hard-drawn, 1086 binding screw, 243 
372 imperial wire gauge, 1148 general methods, 2242 
Wheatstone Bridge. See also Bridge. iron, 1215 insulating sleeving for, 1831 


applications, 2235 

barretter, 200 

bolometer type, 255 
calibrated resistance for, 338 


joints in, 1230 
lead-cov ered, 

Litzendraht, 1298 
Litzendraht for minimizing capacity, 


D’Arsonval galvanometer, use with, 364 

648 
Maxwell for measuring inductance,} pli 

1161 resistance, 17° 
P.O. resistance box type, 1729 — o Hureka, 
theorv, 2234 — ot manganin, 


Willemite, use in cathode ray tube, 385 
Winding, of coils. See Coils. 
Wire, annealed iron, 98 

armoured, 131 

bending, 2243 

binding, 243 


1278 


low-frequency transformer, 161 
ers for bending, 1551 


rope, clipping i ‘holding, f 
sizes, cotton covered, 540 
sizes and weignts, 
spool, 1377 
standard wire 
straightening, 


535 


gauges, 1950 
2243 


methods, 510, 2242 
soldering methods, 1847 
stages in, 2245 
syxtoflex, 1952 
testing for correct, 910 
tools for, 2242 
valve panels, 2243 
Wollaston Wire, for barrettcrs, 200 


z 


537 Zine, tor bichromate cell, 239 
expansion coeflicient, 1712 

A Daniell cell, 645 

plates of half- plate condenser, 1070 

properties, 2250 

specitic gravity, 1869 
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